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ADDEESS 

BY 

WILI^IAM A. HERDAIAN, 0 B E , D Sc , Sc D , LL.D., F.B.S., 
Professor of Oceanogia-pliy in the University of Liverpool, 

President. 

Oceanography avd the Sea-Fisheties . 

It lias been ciistoraary, when occasion required, for the President to 
offer a biief tribute to the memory of distinguished members of the 
Association lost to Science during the preceding year. These, for the 
most part, have been men of advanced years and high reputation, who 
had completed their life-woik and served well in their day the Associa- 
tion and the sciences which it represents. We have this year no sucli 
losses to record. But it seems fitting on the present occasion to pause 
for a moment and devote a grateful thought to that glorious band of 
lino young men of high promise m science who, in the years since 
our Australian meeting in 1914, gave, it may be, in brief days and months 
of sacrifice, greater service tO' humanity and the advance of civilisation 
IIkul would have been possible in years oi normal lime and work. A 
few names stand out aheady known and highly honoured — Moseley, 
Jenkm^on, Geol'hey Smith, Keith Lucas, Gregory, and more recently 
Leonard Doncaster — all grievous losses; but there are also others, 
younger members of our Association, who had not yet had opportunity 
for sliowing accomplished work, but who equally gave up all for a great 
idea]. I prefer to offer a cohective rather than an individual tribute. 
Otlier young men of science will arise and carry on their work — ^but 
the gap in our ranks remains. Let their successors remember that it 
selves as a reminder of a great example and of high endeavour worthy 
of our giatitudc and of permanent record in the annals of Science. 

At the last Cardiff Meeting of the British Association in 1891 you had 
as your President the eminent astronomer Sir Williani Pluggms, who 
discoursed upon the then recent discoveries of the spectroscope in 
relation to the chemical nature, density, temperature, pressure and even 
the motions of the si.ars. Prom the sky to the sea is a long diop ; but 
the sciences of botli have this in common that they deal with 
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fundamental principles and with vast numbeis Over three hundred 
years ago Spenser in the ‘ Faerie Queene ’ compared ‘ the seas abundant 
progeny ’ with ^ the starres on lay, and recent invesbgations show ilint n 
litre of sea-water may contain more than a hundred times as many Indng 
organisms as there are stars visible to the eye on a clour mg] it. 

Dunng the past quarter of a century great advances l^een 

made in the science of the sea, and the aspects and prospects of sea- 
hsheries research have undergone changes which encourage the liope 
that a combination of the work now carried on by hydrogra})hf‘)'s and 
biologists in most civilised countries on fundamental problems ot tlu,^ 
ocean may result in a more rational exploitation and admimslrution 
of the fishing industries. 

And yet even at your former Cardiff Meeting thirty yeais ago ihere 
were at least three papers of oceanographic interest — one by I’rofessoi 
Osborne Reynolds on the action of waves and curreiiis, another by 
Dr. H. K. Mill on seasonal variation m the tempemturo of lochs uiid 
estuaries, and the third by our Honorary Local Secretary for llie ju’csaiil 
meeting, Dr. Evans Hoyle, on a deep-sea tow-net capable of being opened 
and closed under water by the electric cuiTent. 

It W'as a notable meeting in several other respects, of whicli 1 shnli 
merely mention two. In Section A, Sir 01i\er Lodge gave ihe Inst one 
address in which he expounded the urgent need, in the interests of both 
science and the industries, of a national institution for the promotion 
of physical research on a large scale. Lodge's pregnant idea put forward 
at this Cardiff Meeting, supported and still further cln]x>rated by Sir 
Douglas Gabon as President of the Association at Ipswich, lias since 
borne notable fruit in the establishment and rapid development of the 
National Physical Laboratory. The other outstanding event, of tliat 
meeting is that you then appointed a committee of eminent gC'^ologisls 
and naturalists to consider a project for boring through a coral reef, mid 
tha-t led during following ^mars to the successive expeditious to the 
atoll of Funafuti in the Central Pacific, the results of which, reported 
upon eventually by the Poyal Society, were of great interest alike to 
geologists, biologists, aud oceauographers. 

Dr. Huggins, on taking the Chair in 1891, remarked that it was over 
thirty years since the Association had honoured Astronomy in the 
selection of its President. It might be said that the case of Oceano- 
graphy IS harder, as the Associaiiou has never had an Oceanographer 
as President — and the Association might well reply ^ Because until very 
recent years there has been no Oceanographer to have. ’ If Astronomy 
is the oldest of the sciences. Oceanography is probably the youngest. 
Depending as it does upon the methods and results of other sciences, 
it was not until our knowledge of Physics, Chemistry, and Biologj^ were 
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relatively far nidvanced thait it beciame possible to apply that knowledge 
to the investigation and explanation of the phenomena of the ocean. 
No one man has clone more to apply such knowledge derived from various 
other subjects and to organise the results as a definite branch of 
science than the late Sir John Murray, who may therefore be regarded 
as tlie founder of modern Oceanography. 

It is, to me, a matter of regiet that Sir John Murray was never 
President ot the British Association. I am revealing no secret when I 
tell you that he might have been. On more than one occasion he was 
invited by the Council to accept nomination and he declined for reasons 
that were good and commanded our respect. He felt that the 
necessary duties of this post would interfere with what he regarded 
as his primary life-work — oceanographical explorations already planned, 
and the last of which he actually earned out in the North Atlantic in 
1912, when over seventy years of age, in the Noiwegian steamer 
Michael Sars along with his friend Dr. Johan Hjoit 

Anyone considering the subject-matter of this new science must be 
struck by its wide range, overlapping as it does the borderlands of several 
other sciences and making use of their methods and facts in the solution 
of its problems. It is not only world-wide in its scope but extends 
beyond our globe and includes astronomical data in their relation to tidal 
and certain other oceanographical phenomena. No man in his work, 
or even thought, can attempt to cover the whole ground — although Sir 
John Muiray, in his remarkably comprehensive ‘ Summary ’ volumes 
of the Challenger Expedition and other writings, went far towards 
doing so He, in his combination of physicist, chemist, geologist and 
biologist., w.is the nearest approach we have had to* an all-round Oceano- 
graplier. The iTilcrnaiiO'iial Eesearch Council probably acted wisely 
at the recent Brussels Co'nfcrence m recommending the institution of 
two International Sections in our subject, the one of physical and the 
otliei* oi biological Oceaiiograplij^ — although the two overlap and are so 
intcrdepondeiit that no' investigator on the one side can afford to neglect 
the other. ^ 

On the present occasion I must restrict myself almost wholly to' the 
latter division of the subject, and be content, after brief reference to the 

The following classification of the primary divisions of the subject may 
possibly be found acceptable : — 

Physiography 

I 

Oceanography Geography 

J 

Hydrography Metabolism Bionomics Tidology 

(I'hysics, &C5 ) (UiolctRy) (M.itlioin.itics) 
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founders and pioneers of our science, to oulline a few of those investi- 
gations and problems which have appeared to me to be of fnndaniental 
importance, of economic value, or of general interest. 

Although the name Oceanography was only given to tins Innneh of 
science by Sir John Murray in 1880, and although according to that 
veteran oceanographer Mr J. Y. Buchanan, the last snrviMiig member 
of the civilian staff of the Challenger, the science of Oceanograjihy 
was born at sen on February 15, 1873,- when, at the first ofhcial 
dredging station of the expedition, to the westward of Tenoriffe, ai 
1525 fathoms, everything that came up in the dredge was new and led to 
fundamental discoveries as to the deposits forming on the llcra of the 
ocean, still it may be claimed that the foundations of the science were 
laid by various exjDlorers of the ocean at much earlier dales. Aiisioflc, 
who took all knowledge for his province, w^as an early oceanogia 2 ')hcr on 
the shores of Asia Alinor. ^Yhen Pytheas passed between tla^ pillais 
of Hercules into the unknown Atlantic and penelrafed to Biitisii scms in 
the fourth century b.o., and brought back reports of Ultima Thule and 
of a sea to the Korth thick and sluggish like a ]clly-fish, he may have 
been recording an earl}- planktonic observation. But ]oassing over nil 
such and many other eaily records of phenomena of the sea, w’o come 
to surer ground in claiming, as founders of Oceanography, Count 
Marsili, an early in^^estigator of the Mediterranean, and that truly 
scientific navigator Captain James Cook, who sailed to the South Pacilie 
on a Transit of Venus expedition in 1760 with Sir Joseph Banks as 
naturalist, and by subsequently circumnavigating the South Sea about 
latitude 60° finally dispioved the existence, .of a great southern 
continent; and Sir James Clerk Boss, who', wdth Sir Joseph Hooker as 
naturalist, first dredged the Antarctic in 1840. 

The use of the natura.lisUs di'edgo (introduced by O. F. Muller, llit^ 
Dane, in 1799) for exploring the sea-bottom wuis brought into jiromin- 
ence almost simultaneously in several countries of North- West Enrope 
— by Flenn Milne-Edwards in France in 1830, Michael Sars in Noiway 
in 1835, and o-ux own Edward Forbes about 1832. 

The last-mentioned genial and many-sided genius was a notable 
figure in several sections of the British Association from about i83(*) 
onwards, and may fairly be claimed as a pioneei of Ocean ograpliy. 
In 1839 he and lus friend the anatomist, John Goodsir, were dredging 

- Others might .put the date later. Significant publications are Sir John 
Murray’s Summary Volumes of the C/iaUmr/er (189o), the inauguration of 
the ‘ Musee Oceanographique ’ a.t Monaco m 1910, the foundation of the 
Institut Oceanograp'hique ’ at Paris in 1006 (see the Prince of Monaco’s 
letter to the Minister of Public Instruction), and Sir John Murray’s little bool: 
‘The Ocean’ (1913), where the superiority of the term Ooeanography 
Thalassography (used by Alexander Agassiz) is discussed. 
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in the Shetland seas, with results which Forbes made known to the 
meeting of the British Association at Birmingham that summer, with 
such good effect that a ‘ Dredging Committee ’ ^ ot the Association was 
formed to continue the good work. Valuable reports on the disco'veries 
of that Committee appear in our volumes at intervals during the subse- 
quent twenty -five years. 

It has happened over and over Again in history that the British 
Association, by means of one of its research committees, has led the 
way m some important new research or development of iscience and has 
shown the Government or an industry what wants doing and how it 
can be done. We may fairly claim that the British Association has 
inspired and fostered that exploration of British seas which through 
marine biological investigations and deep-sea expeditions has led on to 
modern Oceanography. Edward Forbes and the British Association 
Dredging Committee, Wyville Thomson, Carpenter, Gwyn Jeffreys, 
Norman and other naturalists of the pre-Cliallenger days — all these men 
m the quarter-century from 1840 onwards w^orked under research com- 
mittees of the British Association, bringing their results before successive 
meetings ; and some of our older volumes enslirine classic reiaorts on 
dredging by Forbes, McAndrew, Norman, Brady, Alder, and other 
notable naturalists of that day. These local researches paved the way 
for the Challenger and other national deep-sea expeditions. Here, 
as in other cases, it required private enterprise to precede and stimulate 
Government action. 

It IS probable that Forbes and his fellow -workers on this ' Dredging 
Committee ' in their marine explorations did not fully realise that they 
were opening up a, most comprehensive and important department of 
knowledge. But it js also true that in all his expeditions — in the British 
seas from the Channel Islands to the Shetlands, in Norway, in the 
kledilerranean as far as the iEgean Sea^ — ^Ins broad outlook on the 
problems of nature was that of the modern oceanographer, and he was 
the spiritual ancestor of men like Sir Wyville Thomson of the 
Challenger Expedition and Sir John Murray, whose accidental death 
a few years ago, while still in the midst of active woi'k, was a grievous 
lO'RS to this new and rapidly advancing science of the sea. 

Forbes in these marine investigations worked at border-line 
problems, dealing for example with the relations of Geology to Zoology. 

3 ‘For researches with the dredge, with a view to the investigation of 
the marine zoology of Great Britain, the illustration of the geogiaphical distri- 
bution ot marine animals, and the more accurate determination of the 
fossils of the pleistocene period : under the superintendence of Mr. Gray, INlr 
Forbes, Mr Goodsir, Mr. Patterson, Mr. Thompson of Belfast, Mr. Ball of 
Dublin, Dr. George Johnston, Mr Smith of Jordan Hill, and Mr. A. Strickland, 
£160. ’ Report for 1839, p. xxvi. 
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8,nd the effect of the past history of the land and sea upon the distn- 
bution oif plants and animals a,t the present day, and in these respects 
he was an early oceanographer. For the essence of that new subject is 
that it also investigates border-line problems and is based upon and 
makes use of all the older fundamental sciences — Physics, Chemistry 
and Biology — and shows for example how variations in the great ocean 
currents may account for the movements and abundance of the migi-aiory 
fishes, and how periodic changes in the physico-chemical characters 
of the sea, such as variations in the hydrogen-ion and hydroxyl-ion 
concentration, are correlated with the distribution at the different seasons 
of the all-important microscopic organisms that render our oceanic 
waters as prolific a source of food a.s the pastures of the land. 

Another pioneer of the nineteenth century who, I sometimes think, 
has not yet received sufficient credit for his foresight and initiative, is 
Sir Wyville Thomson, whose name ought to go down through the ages 
as the leader of the scientific staff on the famous Challenger Deep-Sea 
Exploring Expedition. It is due chiefly to him and to his friend 
Dr. W. B. Carpenter that the British Government, through the in- 
fluence of the Poyal Society, was induced to place at the disposal of a 
committee of scientific experts first the small surveying steamer 
Lightning in 1868, and then the more efficient steamer Porcupine 
in the two succeeding years, for the purpose of exploring the deep water 
of the Atlantic from the Faroes in the North to Gibraltar and beyond 
in the South, in the course of which expeditions they got successful 
hauls from the then unprecedented depth of 2435 fathoms, nearly three 
statute miles. 

It will be remembered that Edward Eorbes, from his obseivations in 
the Mediterranean (an abnormal sea in some respects), regarded depths 
of over 300 fathoms as an a.zoic zone. It was the work of Wyville 
Thomson and his colleagues Carpenter and Gwyn Jeffreys on these 
successive dredging expeditions to prove conclusively what was 
beginning to be suspected by naturalists, that there is no azoic zone in 
the sea, but that abundant life belonging to many gi^oups of animals 
extends down to the greatest depths of from four to five thousand 
fathoms — nearly six statute miles from the surface. 

These pioneering expeditions in the Lightning and Porcupine — 
the results of which are not even yet fully made known to science — 
were epoch-making, inasmuch as they not only opened up this new 
region to the systematic marine biologist, but gave glimpses of world- 
wide problems in connection with the physics, the chemistry and the 
biology of the sea which are only now being adequately investigated by 
the modern oceanographer. These results, which aroused intense 
interest amongst the leading scientific men of the time, were so rapidly 
surpassed and overshadowed by the still greater achievements of the 
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Challenger and other national exploring expeditions that followed 
in the ’seventies and ’eighties of last century, that there is some danger 
of their real importance being lost -sight of ; but it ought neiver to b© 
forgotten that they first demonstrated the abundance of life of a, varied 
nature m depths formerly supposed to be azoic, and, moreover, that 
some of the new deep-sea animals obtained were related to extinct forms 
belonging to the Jurassic, Cretaceous and Tertiary periods. 

It is interesting to recall that our Association played its part in 
promoting the movement that led to the Challenger Expedition. 
Our General Committee at the Edinburgh Meeting of 1871 recom- 
mended that the President and Council be autbo-rised to co-operate with 
the Eoyal Society in promoting ‘ a Circumnavigation Expedition, 
specially fitted out to carry the Physical and Biological Exploration of 
the Deep Sea into all the Great Oceanic Areas ’ ; and our Council subse- 
quently appointed a committee consisting oi Dr. Carpenter, Professor 
Huxley and others to co-operate with the Royal Society in carrying out 
these objects. 

It has been said that the Challenger Expedition will rank in history 
with the voyages of Vasco da Gama, Columbus, Magellan and Cook. 
Like these it added new regions of the globe to our knowledge, and the 
wide expanses thus opened up for the first time, the floors of the oceans, 
though less accessible, are vaster than the discoveries of any previous 
exploration. 

Sir V/yville Thomson, although leader of the expedition, did not live 
to see the completed results, and Sir John Murray will be remembered 
in the history of science as the Challenger naturalist who brought 
to a successful issue the investigation of the enormous collections and 
the publication of the scientific results of that memorable voyage : these 
two Scots share the ho-nour of having guided the destinies of what is still 
the greatest oceanographic exploration of all times. 

In addition to taking his part in the general work of the expedition, 
Murray devoted special attentio-n to three subjects of primary import- 
ance in the science of the sea, viz. : (1) the plankton or floating life 
of the oceans, (2) the deposits fo-rming on the sea bottoms, and (3) the 
origin and mode of formation of coral reefs and islands. It was 
characteristic of his broad and synthetic outlook on nature that, in place 
of working at the speciography and anatomy of some group of 
organisms, however novel, interesting and attractive to the naturalist 
the deep-sea organisms might seem to be, he took up wide-reaching 
general problems with economic and geo-logical as well as biological 
applications. 

Each of the three main lines of investigation — deposits, plankton 
and coral reefs — which Murray undertook on board the Challenger 
has been most fruitful o-f results both in his own Hands and those of 
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others His plankton work has led o-n to those modern planktonic 
researches which are closely bound up with the scientific investigation 
of our sea-fisheries- 

His work on the deposits acounaulating on the floor of the ocean 
resulted, after years of study in the laboratory as well as in the field, 
in collaboration with the Abbfi Benard of the Brussels Museum, after- 
wards Professor at Ghent, in the production of the monumental ‘ Deep- 
Sea Deposits ’ volume, one of the Challenger Eeports, which first 
revealed to the scientific world the detailed nature and distribution 
of the varied submarine deposits of the globe and their relation to tlie 
rocks forming the crust of the earth. 

These studies led, moreover, to one of the romances of science 
which deeply influenced Murray’s future life and work. In accumu- 
lating material from all parts of the world and all deep-sea exploring 
expeditions for comparison with the Challenger series, some ten 
years later, Murray found that a sample of rock from Christmas Island 
in the Indian Ocean, which had been sent to him by Commander (now 
Admiral) Aldrich, of H.M.S. Egeria, was composed of a valuable 
phosphatic material. This discovery m Murray’s hands gave rise to a 
profitable commercial undertaking, and he was able to show that some 
years ago the British Treasury had already received in royalties and 
taxes from the island considerably more than the total cost of the 
Challenger Expedition. 

That first British circumnavigating expedition on the Challengtcr 
was followed by other national expeditions (the American Tiiscarom 
and AlhcLtroBS, the French Trcivailleur, the German OavBS, 
'National, and Valdivia, the Italian Vottor PLani, the Dutcdi 
Siboga, the Danish Thor and others) and by almost equally cele- 
brated and important work by unofficial oceanographers sucli as 
Alexander Agassiz, Sir John Murray with Dr. Hjort in the Michael 
Sars, and the Prince of Monaco in his magnificent ocean-going yacht, 
and by much other good woik by many investigators in sinailer ami 
humbler vessels. One of these supplementary expeditions I must lefer 
to briefly because of its connection with sea-fxshenes. The Trilon, 
under Tizard and Murray, in 1882, while exploring the cold and warm 
areas of the Faroe Channel separated by the Wyville -Thom son ndge, 
incidentally discovered the famous Dubh-Artach fishing-grounds, which 
have been worked by British trawlers ever since. 

Notwithstanding all this activity during the last forty years since 
Oceanography became a science, much has still to be investigaled in 
all seas in all branches of the subject. On pursuing any line of investi- 
gation one very soon comes up against a wall of the unknown or a maze 
of controversy. ' Peculiar difficulties surround the subject. The 
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matters investigated are often remote and almost inaccessible. 
Unknown factors may enter into every problem. The samples required 
may be at the other end of a rope or a wire eight or ten miles long, 
and the oceanographer may have to grope for them literally in the dark 
and under other difficult conditions which make it uncertain whether 
his samples when obtained are adequate and representative, and whether 
they have undergone any change since leaving their natural environ- 
ment. It is not surprising then that in the progress of knowledge 
mistakes have been made and corrected, that views have been held on 
what seemed good iscientific grounds which later on were proved to 
be erroneous. Por example, Edward Forbes, in his division of life in 
the sea into zones, on what then seemed to be sufficiently good obser- 
vations in the 2Egean, but which we now know to be exceptional, placed 
the limit of life at 300 fathoms, while Wyville Thomson and his fellow- 
workers on the Porcupine amd the Challenger showed that there is no 
azoic zone even in the great abysses. 

Or, again, ta.ke the celebrated myth of ' Bathybius. ’ In Jthe 
’sixties of last century samples of Atlantic mud, taken when surveying 
the bottom for the first telegraph cables and preserved in alcohol, were 
found when examined by Huxley, Haeckel and others tO' contain what 
seemed to be an exceedingly primitive protoplasmic organism, which 
w^as supposed on good evidence to be widely extended over the floor of the 
ocean. The discovery of this Bathybius was said to solve the problem 
of how the deep-sea, animals were nourished in the a,bsence of sea- 
weeds. Here was a widespread protoplasmic meadow upon which other 
organisms could graze. Belief in Bathybius seemed to be confirmed 
and established by Wyville Thomson’s results in the Porcupine 
Expedition of 1869, but was exploded by the naturalists on the Chal~ 
lengscr some five years later. Buchanan in his recently published 
‘ Accounts Bendered ’ tells us how he and his colleague Murray were 
keenly on the look-out for hours at a time on a, 11 possible occasions 
for traces of this organism, and how they finally proved, in the spring 
of 1875 on the voyage between Hong-Kong and Yokohama, that the 
all-pervading substance like coagulated mucus was an amorphous 
precipitate of sulphate of lime thrown down from the sea-water in the 
mud on the addition of a certain proportion of alcohol. He wrote to 
this effect from Japan to Professor Crum Brown, and it is in evidence 
that after receiving this letter Crum Brown interested his friends in 
Edinburgh by showing them how to make Bathybius in the 
chemical laboratory. Huxley at the Sheffield Meeting of the British 
Association in 1879 handsomely admitted that he had been mistaken, and 
it is said that he characterised Bathybius as ‘ not having fulfilled the 
promise of its youth. ’ Will any of our present oceanographic beliefs 

A 3 
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share the fate of Bathybius in the future? Some may, but even if they 
do they may well have been useful steps in the progress of science. 
Although like Bathybius they may not have fulfilled the promise of their 
youth, yet, we may add, they will not have lived in the minds of man 
in vain. 

Many of the phenomena, we encounter in O'Ce a nographic investi- 
gations are so complex, are or may be a.ffected by so many diverse 
factors, that it is difficult, if indeed possible, to be sure that we are 
unravelling them aright and that we see the real causes of what we 
observe. 

Some few things we know approximately — nothing completely. We 
know that the greatest depths of the ocean, about six miles, are a 
little greater than the highest mountains on land, and Sir John Murray 
has calculated that if all the land were washed down into the sea the 
whole globe would be covered by an ocean averaging about two miles in 
depth ^ We know the distribution of temperatures and salinities over 
a great part of the surface and a good deal of the bottom of the oceans, 
and some of the more important oceanic currents have been charted 
and their periodic variations, such a.s those of the Gulf Stream, are being 
studied. We know a good deal about the organisms floating or 
swimming in the surface waters (the epi-plankton), and also those 
brought up by our dredges and trawls from the bottom in many parts 
of the world — although every expedition still makes large additions 
to knowledge. The region that is least known to us, both in its physical 
conditions and also its inhabitants, is the vast zone of intermediate 
waters, lying between the upper few hundred fathoms and the lx>ttom. 
That is the region that Alexander Agassiz from his observations with 
closing tow-nets on the Plaice Expedition supposed to be destitute of 
life, or at least, as modified by liis later observations on the Albatross, 
to be relatively destitute compared with the surface and the bottom, m 
opposition to the contention of Murray and other oceanographers that 
an abundant meso-plankton was present, and that certain groups of 
animals, such as the Challengerida and some kinds of Medusae, were 
characteristic of these deeper zones. I believe that, as sometimes 
happens in scientific controversies, both sides were right up to a point, 
and both could support their views upon observations from particular 
regions of the ocean under certain circumstances. 

But much still remains unknown or only imperfectly known even 
in matters that have long been studied and where practical applications 


^ It was possibly in such a formei* world-wide ocean o£ ionised water that 
according to the recent speculations of A. H. Church (Thalassiophyta, 1919) the 
first iiving organisms were evolved to become later the floating unicellular 
plants of the primitive plankton. ^ 
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of great value are obtained- — such as the investigation and prediction 
of tidal phenomena. We are now told that theories require re-investi- 
gation and that published tables are not sufficiently accurate. To tahe 
another practical application of oceanographic work, the ultimate 
causes of variations in the abundance, in the sizes, in the movements 
and in the qualities of the fishes of our coastal industries are still to 
seek, and notwithstanding volumes of investigation and a still greater 
volume of discussion, no man who knows anything of the matter is 
satisfied with our present knowledge of even the best-knowm and 
economically most important ot our fishes such as the Herring, the 
God, the Plaice and the Salmon. 

Take the case ot our common fresh-water eel as an example of how 
little we know and at the same time ot how much has been discovered. 
All the eels of our streams and lakes of N.-W. Europe live and feed 
and grow under our eyes without reproducing their kind — no spawning 
eel has ever been seen. After living for years in immaturity, at last 
near the end of their lives the large male and female yellow eels 
undergo a change in appearance and in nature They acquire a silvery 
colour and their eyes enlarge, and in this bridal attire they commence 
the long journey which ends in maturity, reproduction and death. From 
all the fresh waters they migrate in the autumn to the coast, from 
the inshore seas to the open ocean and still westward and south to the 
iftid-Atlantic and we know not how much further — for the exact 
locality and manner ot spawning has still to be discovered. The 
youngest known stages of the Leptocephalus, the larval stage of eels, 
have been found by the Dane, Dr. Johannes Schmidt, to the west of 
the Azores where the water is over 2000 fathoms in depth. These 
were about one- third of an inch in length and were probably not long 
hatched. I cannot now refer to all the able investigators — Grassi, 
Hjort and others — who have discovered and traced the stages of growth 
of the Leptocephalus and its metamorphosis into the ‘ elvers ’ or young 
eels which are carried by the North Atlantic drift back to the coasts of 
Europe and ascend our rivers in spring in countless myriads ; but no 
man has been more indefatigable and successful in the quest than Dr. 
Schmidt, who in the various expeditions of the Danish Investigation 
Steamer Thor from 1904 onwards found successively younger and 
younger stages, and who is during the present summer engaged, in a 
traverse of the Atlantic to the West Indies in the hope of finding the 
missing link in the chain, the actual spawning fresh-water eel in the 
intermediate waters somewhere above the abysses of the open ocean. ^ 

® According to Schmidt’s results the European fresh-water eel, in order to 
be able to propagate, requires a depth of at least 500 fathoms, a salinity of 
more than 35.20 per mille and a temperature of more than 7 ° C. in the required 
depth. 
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Again, take the case of an interesting oceanographic observation 
which, if established, may be found to explain the variations in time 
and amount of important fisheries. Otto Pettersson in 1910 discovered 
by his observations in the Gullmar Fjord the presence of periodic sub- 
marine waves of deeper salter water in the Kattegat and the fjords 
of the west coast of Sweden, which draw in with them from the Jutland 
banks vast shoals of the herrings which congi'egate there in autumn. 
The deeper layer consists of ' bankwater ’ of salinity 32 to 34 per 
thousand, and as this rolls in along the bottom as a series of huge 
undulations it forces out the overlying fresher water, and so the 
herrings living in the bankwater outside are sucked into the Kattegat 
and neighbouring fjords and give rise to important local fisheries. 
Pettersson connects the crests of the submarine waves with the phases 
of the moon. Two great waves of salter water which reached up to the 
surface took place in November 1910, one near the time of full moon 
and the other about new moon, and the latter was at thei time when 
the shoals of herring appeared inshore and provided a profitable fishery. 
The coincidence of the oceanic phenomena with the lunar phases is 
not, however, very exact, and doubts have been expressed as to the 
connection ; but if established, and even if found to be due not to the 
moon but to prevalent winds or the influence of ocean currents, this 
would be a case of the migration of fishes depending upon mechanical 
causes, while in other cases it is known that migrations are due t5 
spawning needs or for the purpose of feeding, as in the case of the 
cod and the herring in the west and north of Noi’way and in the 
Barents Sea. 

Then, turning to a very fundamental matter of purely scientific 
investigation, we do not know with any certainty what causes the great 
and all-important seasonal variations in the plankton (or floating minute 
life of the sea,) as seen, for example, in our own home seas, where there 
is a sudden awakening of microscopic plant life, the Diatoms, in early 
spring when the water is at its coldest. In the course of a few days 
the upper layers of the sea may become so filled with organisms that a 
small silk net towed for a few minutes may capture hundreds of 
millions of individuals. And these myriads of microscopic forms, after 
persisting for a few weeks, may disappear as suddenly as they came, 
to be followed by swarms of Copepoda and many other kinds of minuto 
animals, and these again may give place in the a,utumn to a second 
maximum of Diatoms or of the closely related Peridiniales. Of course 
there are theories as to all these more or less periodic changes in the 
plankton, such as Liebig’s 'law of the minimum,’ which limits the 
production of an organism by the amount of that necessity of existence 
which is present in least quantity, it may be nitrogen or silicon or 
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phosphorus. Aocording to Baben it is the accumulation of silicic acid 
m the sea-water that determines tlie great increase of Diatoms in spring 
and again in autumn. Some writers have considered these variations 
in the plankton to be caused largely by changes in temperature supple- 
mented, according to Ostwald, by the resulting changes in the viscosity 
of the water; but Murray and others are more probably correct in 
attributing the spring development of phyto-plankton to the increasing 
power of the sunlight and its value in photosynthesis. 

Let us take next the fact — ^if it be a fact — ^that the genial warm 
waters of the tropics support a less abundant plankton than the cold 
polar seas. The statement has been made and supported by some 
investigators and disputed by others, both on a certain amount of evi- 
dence. This is possibly a case like some other scientific controversies 
where both sides are partly in the right, or right under certain con- 
ditions. At any rate there are marked exceptions to the generalisation. 
The German Plankton Expedition in 1889 showed in its results that 
much larger hauls of plankton per unit volume of wa.ter were obtained 
in the temperate North and South Atlantic than in the tropics between, 
and that the waim Sargasso Sea had a remarkably scanty microflora. 
Other investigators have since reported more or less similar results. 
Lohmann found the Mediterranean plankton to be less abundant than 
that of the Baltic, gatherings brought back from tropical seas are fre- 
quently very scanty, and enormous hauls on the other hand have been 
recorded from Arctic and Antarctic seas. There is no doubt about the 
large gatherings obtained in northern waters. I have myself in a 
few minutes’ haul of a small horizontal net in the North of Norway 
collected a mass of the large Oopepod Calanus finmarchicus sufficient 
to be cooked and eaten like potted shrimps by half a dozen of the 
yacht’s company, and I have obtained similar large hauls in the cold 
Labrador current near Newfoundland. On the other hand, Kofoid and 
Alexander Agassiz have recorded large hauls of plankton in the Humboldt 
current off the west coast of America, and during the Challenger 
Expedition some of the largest quantities of plankton were found in the 
equatorial Pacific. Moreover, it is common knowledge that on occa- 
sions vast swarms of some planktonic organism may be seen in tropical 
waters. The yellow alga Trichodesmium, which is said to have given 
its name to the Bed Sea and has been familiarly known as ‘ sea-saw<iust ’ 
since the days of Cook’s first voyage,® may cover the entire surface over 
considerable areas of the Indian and South Atlantic Oceans ; and some 
pelagic animals such as Salpse, Medusae and Ctenophores are also 
commonly present in abundance in the tropics. Then, again, American 

® See Journal of Sir Joseph Banks. This aud other swarms were also 
noticed by Darwin during the voyage of the ‘ Beagle.* 
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biologists have pointed out that the warm waters of the West Indies 
and Plorida may he noted for the richness of their floating life for 
periods of years, while at other times the pelagic organisms become 
rare and the region is almost a desert sea. 

It is probable, on the whole, that the distribution and variations 
of oceanic currents have more than latitude or temperature alone to do 
with any observed scantiness of tropical plankton. These mighty 
rivers of the ocean in places teem with animal and plant life, and may 
sweep abundance of food from one region to another in the open sea. 

But even if it be^a. fact that there is this alleged deficiency in tropical 
plankton there is by no means agreement as to- the cause thereof. 
Brandt first attributed the poverty of the plankton in the tropics to the 
destruction of nitrates in the sea as a result of the greater intensity of 
the metabolism of denitrifying bacteria, in the warmer water; and 
various other writers since then ha.ve more or less agreed that the 
presence of these denitrifying bacteria., by keeping down to a minimum 
the nitrogen concentration in tropical waters, may account for the 
relative sca.rcity of the phyto-plankton, and consequently of the 
zoo-plankton, that has been observed. But Gi-an, Nathansohn, Murray, 
Hjort and others have shown that such bacteria are rare or absent 
in the open sea., that their action must be negligible, and that Brandt’s 
hypothesis is untenable. It seems clear, moreover, that the plankton 
does not va.iy directly with the temperature of the water. Furthermore, 
Nathansohn has shown the influence of the vertical circulation in the 
water upon the nourishment of the phyto-plankton — by rising currents 
bringing up necessary nutrient materials, and especially ca.rbon dioxide 
from the bottom layers ; and also possibly by conve.ying the products of 
the drainage of tropical lands to more pola.r seas so as to maintain the 
more abundant life in the colder water. 

Putter’s view is that the increased metabolism in the warmer water 
causes all the available food materials to be rapidly used up, and so 
puts a check to the repi'oduction of the plankton. 

According to van t ’Hoff’s law in Chemistry, the rale at which a 
reaction takes place is increased by raising the temperature, and this 
probably holds good for all bio-chemical phenomena, and therefore for 
the metabolism of animals and plants in the sea. This has been 
verified experimentally in some cases by J. Loeb. The contrast 
between the plankton of Arctic and Antarctic zones, consisting of large 
numbers of small Crustaceans belonging to comparatively few species, 
and that of tropical wa.ters, containing a gi'eat many more species 
generally of smaller size and fewer in number of individuals, is to ba 


^ A Agassiz, A. G. Mayer, and H. B. Bigelow. 
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accounted for, according to Sir John Murra}" and others, by the rate 
of metabolism in the organisms. The assemblages captured in cold 
polar waters are of different ages and stages, young and adults of 
several generations occm-ring together in profusion/ and it is supposed 
that the adults ' may be ten, twenty or more years of age.’ At the 
low temperature the action of putrefactive bacteria and of enzymes 
IS very slow or m abeyance, and the vital actions of the Crustacea 
take place more slowly and the individual lives are longer. On the 
other hand, in the warmer waters of the tropics the action of the 
bacteria is more rapid, metabolism in general is more active, and the 
various stages in the life-history are passed through more rapidly, 
so that the smaller organisms of equatorial seas probably only live for 
days or weeks in place of years. 

This explanation may account also for the much greater quantity 
of living organisms which has been found so often on the sea floor 
in polar waters. It is a curious fact that the development of the 
polar marine animals is in general ‘ direct ’ without larval pelagic stages, 
the result being that the young settle down on the floor of the ocean 
in the neighbourhood of the parent forms, so that there come to be 
enormous congregations of the same kind of animal within a limited 
area, and the dredge will in a particular haul come up filled with 
hundreds, it may be, of an Echinoderm, a Sponge, a Crustacean, a 
Brachiopod, or an Ascidian; -whereas in warmer seas the young pass 
through a pelag-ic stage and so become more widely distributed over 
the floor of the ocean. The Challenger Expedition found in the 
Antarctic certain Echinoderms, for example, which had young in 
various stages of development attached to some part of the body of the 
parents, whereas in temperate or tropical regions the same class of 
animals set free their eggs and the development proceeds in the open 
water quite independently of, and it may be far distant from, the 
parent. 

Another characteristic result of the difference in temperature is that 
the secretion of carbonate of lime in the form of shells and skeletons 
proceeds more rapidly in warm than in cold water. The massive shells 
of molluscs, the vast deposits of carbonate of lime formed by corals 
and by calcareous seaweeds, are characteristic of the tropics ; whereas 
in polar seas, while the animals may be large, they are for the most 
part soft-bodied and destitute, of calcareous secretions. The calcareous 
pelagic Foraminifera are characteristic of tropical and sub -tropical 
plankton, and few, if any, are found in polar waters. Globigerina 

“ Whether, however, the low temperatui'e may not also retard reproduction 
is worthy of consideration. 
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ooze, a calcareous deposit, is abundant in equatorial seas, while in the 
Antarctic the characteristic deposit is siliceous Diatomaceous ooze. 

The part played by bacteria in the metabolism of the sea is very 
important and probably of wide-reaching effect, but we still know very 
little about it. A most promising young Cambridge biologist, the late 
Mr. G. Harold Drew, now unfortunately lost to science, had already 
done notable work at Jamaica and at Tortugas, Florida, on the effects 
produced by a bacillus which is found in the surface waters of these 
shallow tropical seas and in the mud at the bottom ; and which denitrifies 
nitrates and nitrites, giving off free nitrogen. He found that this 
Bacillus calcis also caused the precipitation of soluble calcium salts 
m the form of calcium carbonate (‘ drewite ’) on a large scale, in the 
warm shallow waters. Drew’s observations tend to show that the 
great calcareous deposits of Florida and the Bahamas pre'sdously known 
as ‘ coral muds ’ are not, as was supposed by Murray and others, 
derived from broken-up corals, shells, nullipores, &c , but are minute 
particles of carbonate of lime which have been precipitated by the 
action of these bacteria.® 

The bearing of these observations upon the formation of oolitic 
limestones and the fine-grained unfossiliferous Lower Palaeozoic lime- 
stones of New York State, recently studied in this connection by B. M 
Field, must be of peculiar interest to geologists, and forms a notable 
instance of the annectant character of Oceanograph3% bringing the 
metabolism of living organisms in the modern sea into relation with 
palaeozoic rocks. 

The work of marine biologists on the plankton has been in the 
main qualitative, the identification of species, the observation of struc- 
ture, and the tracing of life-histories. The oceanographer adds to that 
the quantitative aspect w’hen he attempts to estimate numbers and 
masses per unit volume of water or of area. Let me lay before you 
a few thoughts in regard to some such attempts, mainly for the 
purpose of showing the difficulties of the investigation. Modern quanti- 
tative methods owe their origin to the ingenious and laborious work 
of Yictor Hensen, followed by Brandt, Apstein, Lohmann, and others 
of the Kiel school of quantitative planktologists. \Ye may take their 
well-known estimations of fish eggs in the North Sea as an example 
of the method. 

The fioating eggs and embryos of our more important food fishes 
may occur in quantities in the plankton during certain months in 
spring, and Hensen and Apstein have made some notable calculations 

® Journ. Mar. Biol, Assoc., October 1911. 

Carnegie Institute of Washington. Year Book for 1919, p. 197. 
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based an the occurrence of these in certain hauls taken at intervals 
across the North Sea, which led them to the conclusion that, taking 
SIX of our most abundant fish, such as the cod and some of the fiat 
fish, the eggs present were probably produced by about 1200 million 
spawners, enabling them to calculate that the total fish population 
of the North Sea (of these six species), at that time (spring of 1895), 
amounted to about 10,000 millions. Further calculations led them 
to the result that the fishermen’s catch of these fishes amounted 
to about one-quarter of the total population. Now all this is not only 
of scientific interest, but also of great practical importance if we could 
be sure that the samples upon which the calculations are based were 
adequate and representative, but it will be noted that these samples 
only represent one square metre in 3,465,068,354. Hensen’s state- 
ment, repeated in various works in slightly differing words, is to the 
effect that, using a net of which the constants are known hauled 
vertically through a column of water from a certain depth to the 
surface, he can calculate the volume of water filtered by the net and 
so estimate the quantity of plankton under each square metre of the 
surface; and his whole results depend upon the assumption, which 
liei considers justified, that the plankton is evenly distributed over 
large areas of water which are under similar conditions. In these 
calculations in regard to the fish eggs he takes the whole of the North 
Sea as being an area under similar conditions, but we have known 
since the days of P. T. Cleve and from the observations of Plensen’s 
own colleagues that this is not the case, and they have published chart- 
diagrams showing that at least three different kinds of water under 
different conditions are found in the North Sea, and that at least five 
different planktonic areas may be encountered in making a traverse 
from Germany to the British Isles. If the argument be used that 
w'herever the plankton is foimd to vary there the conditions cannot 
be uniform, then few areas of the ocean of any considerable size remain 
as cases suitable for population-computation from random samples. 
It may be doubted whether even the Sargasso Sea, which is an area 
oi more than usually uniform character, has a sufficiently evenly 
distributed plankton to be treated by Hensen’s method of estimation 
of the population. 

In the German Plankton Expedition of 1889 Schutt reports that 
in the Sargasso Sea, with its relatively high temperature, the twenty- 
four catches obtained were uniformly small in quantity. His analysis 
of the volumes of these catches shows that the average was 3*33 c.c., 
but the individual catches ranged from 1*5 c.c. to 6-5 c.c., and the diver- 
gence from the average may be as great as -i- 3*2 c.c. ; and, after deduct- 
ing 20 per cent, of the divergence as due to errors of the experiment, 
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Schutt estimates the mean variation of the plankton at about 16 per 
cent, above or below. This does not seem to me to indicate the 
uniformity that might be expected in this ‘ hahstatic ’ area occupying 
the centre of the North Atlantic Gulf Stream circulation. Hensen 
also made almost simultaneous hauls vith the same net in quick 
succession to test the amount of variation, and found that the average 
error was about 13 per cent. 

As so much depends in all work at sea upon the weather, the con- 
ditions under which the ship is working, and the care taken in the 
experiment, with the view of getting further evidence under known 
conditions I carried out some similar experiments at Port Brin on four 
occasions during last April and on a further occasion a month later, 
choosing favourable weather and conditions of tide and wind, so as 
to be able to maintain an approximate position. On each of four clays 
in April the Nansen net, with NO'. 20 silk, wuis hauled six times from 
the same depth (on tw^o occasions 8 fathoms and on two occasions 
20 fathoms}, the hauls being taken in rajpid succession and the catches 
being emptied from the net into bottles of 5 per cent, formaline, in 
which they remained until examined microscopically. 

The results w^ere of intei'est, for although they showed considerable 
uniformity in the amount of the catch — for example, six successive 
hauls from 8 fathoms being all of them 0 2 c.c. and four out of five 
from 20 fathoms being 0'6 c.c. — ^th-e volume w^as made up rather 
differently in the successive hauls. The same organisms are present 
for the most part in each haul, and the chief groups of organisms are 
present in much the same proportion. Bor example, in a series where 
the Copepoda average about 100 the Dinofiagellates average about 300 
and the Diatoms about 8000, but the percentage deviation of indi- 
vidual hauls from the average may be as much as plus\ or 7ninus 50. 
The numbers for each organism (about 40) in each of the twenty-six 
hauls have been worked out, and the details will be published elsewhere, 
hut the conclusion I come to is that if on each occasion one haul only, 
in place of six, had been taken, and if one had used that haul to 
estimate the abundance of any one organism in that sea-area, one 
■might have been about oO per cent, wrong in either direction. 

Successive improvements and additions to Hensen ’s methods in 
collecting plankton have been made by Lohmann, Apstein, Gran, and 
•others, such as pumping up water of different layers through a hose- 
pipe and filtering it through felt, filter-paper, and other materials 
which retain much of the micro-plankton that escapes through the 
meshes of the finest silk. Use has even been made of the extraordinarily 
minute and beautifully regular natural filter spun by the pelagic animal 
A'p'pendic'idaria for the capture of its own food. This grid-like trap, 
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when dissected out and examined under the microscope, reveals a 
surprising assemblage of the smallest protozoa and protophyta, less 
than 30 micro-millimetres in diameter, v\hich would all pass easily 
through the meshes of our finest silk nets. 

The latest refinement in capturing the minutest-known organisms 
of the plankton (excepting the bacteria) is a culture method devised 
by Dr. E. J. Allen, Director of the Pljunouth Laboratory. By diluting 
half a cubic centimetre of the sea-water with a considerable amount 
(1500 c.c.) of sterilised water treated with a nutrient solution, and 
distributing that over a large number (70) of small flasks in which 
after an interval of some days the number of different kinds of organisms 
which had developed in each flask were counted, he calculates that 
the sea contains 464,000 of such organisms per litre; and he gives 
reasons why his cultivations must be regarded as minimum results,, 
and states that the total per litre may well be something like a million. 
Thus every new method devised seems to multiply many times the 
probable total population of the sea. As further results of the quan- 
titative method it may be recorded that Brandt found about 200 diatoms 
per drop of water in Kiel Bay, and Hensen estimated that there are 
several hundred millions of diatoms under each square metre of the 
North Sea or the Baltic. It has been calculated that there is approxi- 
mately one Copepod in each cubic inch of Baltic water, and that the 
annual consumption of these Copepoda by herring is about a "thousand 
billion ; and that in the 16 square miles of a certain Baltic fishery 
there is Copepod food for over 530 millions of herring of an average 
weight of 60 grammes. 

There are many other problems of the plankton in addition to 
quantitative estimates — probably some that we have not yet recognised — 
and various interesting conclusions may be drawn from recent planktonic 
observations. Here is a case of the intmduction and rapid spread of 
a form new to British seas. 

Buldulphia sinensis is an exotic diatom which, according to Osten- 
feld, made its appearance at the mouth of the Elbe in 1903, and spread 
during successive years in several directions. It appeared suddenly 
in our plankton gatherings at Port Erin in November 1909, and has 
been present in abundance each year since. Ostenfeld, in 1908, when 
tracing its spread in the North Sea, found that the migration to the 
north along the coast of Denmark to Norway corresponded with the 
rate of flow of the Jutland current to the Skager Bak — ^viz., about 17 cm. 
per second — a case of plankton distribution throwing light on hydro- 
graphy — and he predicted that it would soon be found in the English 

Journ. Mar. Biol. Assoc, xh. 1, July 1919. 
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Channel. Dr. Marie Lebonr, who recently examined the store of 
plankton gatherings at the Plymouth Laboratory, finds that as a matter 
of fact this form did appear in abundance in the collections of October 
1909, within a month of the time when according to our records it 
reached Port Erin. Whether or not this is an Indo-Pacific species 
brought accidentally by a ship from the Ear East, or whether it is 
possibly a new mutation which appeared suddenly in our seas, there 
IS no doubt that it was not present in our Irish Sea plankton gatherings 
previous to 1909, but has been abundant since that year, and has 
completely adopted the habits of its English relations — appearing with 
B. mobiliensis in la.te autumn, persisting during the winter, reaching a 
maximum in spring, and dying out before summer. 

The Nauplius and Cypris stages of Balanus in the plankton form 
an interesting study. The adult barnacles are present in enormous 
abundance on the rocks round the coast, and they reproduce in winter, 
at the beginning of the year. The newly emitted young are sometimes 
so abundant as to make the water in the shore pools and in the sea 
close to shore appear muddy. The Nauplii first appeared at Port Erin, 
in 1907, in the bay gatherings on February 22 (in 1908 on Feb- 
ruary 13), and increased with ups and downs to their maximum on 
April 15, and then decreased until their disappearance on April 26. 
None were taken at any other time <Df the year. The Cypris stage 
iollows on after the Nauplius. It was first taken in the bay on 
April 6, rose to its maximum on the same day with the Naupln, and 
was last caught on May 24. Throughout, the Cypris curve keeps 
below that of the Nauplius, the maxima being 1740 and 10,500 respec- 
tively. Probably the difference between the two curves represents the 
death-rate of Balanus during the Nauplius stage. That conclusion I 
think we are justified in drawing, but I would not venture to use the 
result of any haul, or the average of a number of hauls, to multiply by 
the number of square yards in a zone round our coast in order to 
obtain an estimate of the number of young barnacles, or of the old 
barnacles that produced them — the irregularities are too great. 

To my mind it seems clear that there must be three factors making 
for irregularity in the distribution of a plankton organism: — 

1. The sequence of stages in its life-history — such as the Nauplius 
and Cypris stages of Balanus, 

2. The results of interaction with other organisms — as when a 
swarm of Calanus is pursued and devoured by a shoal of herring. 

3. Abnormalities in time or abundance due to the physical environ- 
ment — as in favourable or unfavourable seasons. 

And these factors must be at work in the open ocean as well as in 
coastal wa^ters. 
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In many oceanograpliical inquiries there is a double object. There 
is the scientific interest and there is the practical utility — the interest, 
for example, of tracing a particular swarm of a Copepod like Calanus, 
and of making out why it is where it is at a particular time, tracing it 
back to its place of origin, finding that it has come with a pairticular 
body of water, and perhaps that it is feeding upon a particular assem- 
blage of Diatoms ; endea.vouring to give a scientific explanation of every 
stage in its progress. Then there is the utility — the demonstration 
that the migration of the Calanus has determined the presence of a 
shoal of herrings or mackerel that are feeding upon it, and so have 
been brought within the range of the fisherman and have constituted 
a commercial fishery. 

We have evidence that pelagic fish which congregate in shoals, 
such as herring and mackerel, feed upon the Crustacea of the plankton 
and especially upon Copepoda. A few years ago when the summer 
herring fishery O'ff the south end of the Isle of Man was unusually near 
the land, the fishermen found large red patches in the sea where the 
fish were specially abundant. Some of the red stuff, brought ashore 
by the men, was examined at the Port Erin LaboratO'ry and found to 
b© swarms of the Copepod Temora longicornis ; and the stomachs of 
the herring caught at the same time were engorged with the same 
organism. It is not possible to doubt that dming these weeks of the 
herring fishery in the Irish Sea the fish were feeding mainly upon this 
species of Copepod. Some ten years ago Dr. E. J. Allen and Mr. 
G. E. Bullen published some interesting work, from the Plymouth 
Marine Lahoratory, demonstrating the connection between mackerel 
and Copepoda and sunshine in* the English Channel ; and Parran 
states that in the spring fishery on the West of Ireland the food of the 
mackerel is mainly composed of Calanus. 

Then again at the height of the summer mackerel fishery in the 
Hebrides, in 1913, we found the fish feeding upon the large Copepod 
Calanus fmmarchicus , which was caught in the tow-net at the ratei of 
about 6000 in a five-minutes’ haul, and 6000 was also* the average 
number found in the stomachs of the fish caught at the same time. 

These were cases where the fish were feeding upon the organism 
that was present in swarms — a monotonic plankton — ^but in other cases 
the fish are clearly selective in their diet. If the sardine of the French 
coast can pick out from the micro-plankton the minute Peridiniales in 
preference to the equally minute Diatoms which are present in the sea 
at the same time, there seems no reason why the hemng and the 

12 Jonrn. Mar. Biol. Assoc, vol. viii. (1909), pp. 394-406. 

Oonseil Internal. Bull. Trimestr. ,1902-8, * Plankfbniq-ae,* p, 89. 

‘ Spolia Buniana,’’ iii. Binn, Soc. Journ.^ Zoology, vol. xxxiv p. 95, 1918. 
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mackerel should not be able to select paidicular species of Copepoda 
or other large organisms from the maoro-plankton, and we have 
evidence that they do. Nearly thh’ty years ago the late Mr. Isaac 
Thompson, a constant supporter oi the Zoological Sectioai of this Asso- 
ciation and one of the Honorary Local Secretaries for the last Liver- 
pool meeting, showed me in 1893 that young plaice at Port Erin were 
selecting one particular Copepod, a species of J onesiella, out of many 
others caught in our tow-nets at the time. H. Blegvad showed in 
1916 that young food fishes and also small shore fishes pick out certain 
species ol Oopepochi. (such as Harpacticoids) and catch them individually 
— either lying in wait or searching for them. A couple of years later 
Lr. Mane Leboiir published a detailed account of her \\ ork at Plymouth 
on the food of young fishes, proving that certain fish undoubtedly do 
prefer certain planktonic food. 

These Crustacea of the plankton feed upon smaller and simpler 
organisms — the Diatoms, the Peridinians, and the Flagellates — and the 
hsh themselves in their youngest post-la-rval stages are nourished by 
the same minute forms of the plankton. Thus it appears that our sea- 
fisheries ultimately depend upon the living plankton which no doubt 
in its turn is affected by hydrographic conditions. A coiTelalimi seems 
to be established between the Cornish pilchard fisheries and periodic 
variations in the physical characters (probably the salinity) of the 
water of the English Channel between Plymouth and Jersey. Appa- 
rently a diminished intensity in the Atlantic current corresponds with 
a diminished fishery in the following summer. Possibly the connection 
in these cases is through an organism of the plankton. 

It is only a comparatively small number of different kinds of 
organisms — both ]Dlants and animals — that make up the bulk of the 
plankton that is of real importance to fish. One can select about half- 
a-dozen species of Copepoda which constitute the greater part of the 
summer zoo-plankton suitable as food for larval or adult fishes, and 
about the same number of gene'dc types of Diatoms which similarly 
make up the bulk of the available spring phyto-plankton year after 
year. This fact gives great economic importance to the attempt to 
determine with as much precision as possible the times and conditions 
of occurrence of these dominant factors of the plankton in an average 
year. An obvious further extension of this investigation is an inquiry 
into the degree of coincidence between the times of appearance in thci 
sea of the plankton organisms and of the young fish, and the possible 
effect of any marked absence of correlation in time and quantity. 

Just before the war the International Council for the Exploraition 

He.'p. Demisih Biol. St at. xxiv. 1916. 

Journ. Mar. Biol. Assoc. May 1918. 

See E. C. Jee, Bydrogrofphy of the English Channel, 1904-17, 
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of the Sea airrived at the conclusion that fishery investigations indi- 
cated the probahility that the great peiio-dic fluctuations in the fisheries 
are connected with the fish larvae being developed in great quantities 
only in certain years. Consequently they advised that plankton work 
should be directed primarily to the question whether these fluctuations 
depend upon differences in the plankton production in different years. 
It was then proposed to begin systematic investigation of the fish 
larvae and the plankton in spring and to determine more definitely the 
food of the larval fish at various stages. 

About the same time Dr. made the interesting suggestion 

that possibly the great fluctuations in the number of young fish observed 
from year to year may not depend wholly upon the number of eggs 
produced, but also upon the relation m time between the hatching of 
these eggs and the appearance in the water of the enormous quantity 
of Diatoms and other plant plankton upon which the larval fish after 
the absorption of their yolk depend for food. He points out that, if 
even a brief interval occurs between the time when the larvae first 
require extraneous nourishment and the jDeriod when such food is 
available, it is highly probable that an enormous mortality would result. 
In that case even a rich spawning season might yield but a poor result 
in fish in the commercial fisheries of successive years for some time to 
come. So that, m fact, the numbers of a year-class may depend not 
so much upon a favourable spawning season as upon a coincadence 
between the hatching of the la-rvae and the presence of abundance of 
phyto-plankton available as food 

The curve for the spring maximum of Diatoms corresponds in a 
general w^ay with the curve representing the occurrence of pelagic fish 
eggs in our seas. But is the correspondence sufficiently exact and 
constant to meet the needs of the case? The phyto-plankton may still 
be relatively small in amount during February and part of March in 
some years, and it is not easy to determine exactly when, in the open 
sea, the fish eggs have hatched out m quantity and the larvae have 
absorbed their food-yolk and started feeding on Diatoms. 

If, however, we take the case of one important fish — the plaice — we 
can get some data from our hatching experiments at the Port Erin 
Biological Station which have now been carried on for a period of 
seventeen years. An examination of the hatchery records for these 
years in comparison with the plankton records of the neighbouring sea, 
which have been kept systematioally for the fourteen years from 1907 

lia'pporU et Proc. Verb. xix. December 1913. 

Pa'pporta et Proc. Verb. xx. 1914, p. 204. 

30 For the purpose of this argument we may include in ‘ phyto -plank ton ’ 
the various groups of Flagellata and other minute organismjs which may be 
present with the Diatoms 
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to 1920 inclusive, shows that in most of these years the Diatoms were 
present in ahundance in the sea a few days at least before the fish 
larv^ from the hatchery were set free, and that it was only in four’ 
years (1908, ’09, ’13, and ’14) that there was apparently some risk of 
the larv£e finding no phyto-plankton food, or very little. The evidence 
so far seems to show that if fish larvae are set free in the sea as late as 
March 20, they are fairly sure o.f finding suitable food; but if they 
are hatched as early as February they run some chance of being 
starved. 

But this does not exhaust the risks to the future fishery. C. G. 
Joh. Petersen and Boysen- Jensen in their valuation of the Limfjord^^ 
have shown that in the case not only of some fish but also of the larger 
invertebrates on which they feed there are marked fluctuations in the 
number of young produced in different seasons, and that it is only at 
intervals of years that a really large stock of young is added to the 
population. 

The prospects of a year’s fishery may therefore depend pifimarily 
upon the rate of spawning of the fish, affected no doubt by hydrographic 
and other environmental oonditions, secondarily upon the presence of a 
sufficient supply of phyto-plankton in the surface layers of the sea at 
the time when the fish larvse are hatched, and that in its turn depends 
upon photosynthesis and physico-chemical changes in the water, and 
finally upon the reproduction of the stock of molluscs or woims at the 
bottom which constitute the fish food at later stages of growth and 
development. 

The question has been raised of recent years — Is there enough 
plankton in the sea to provide sufficient nourishment for the larger 
animals, and especially for those fixed forms such as sponges that are 
supposed to feed by drawing currents of plankton-laden water through 
the body ? In a series of remarkable papers from 1907 onwards Putter 
and his followers put forward the views (1) that the carbon require- 
ments of such animals could not be met by the amount of plankton 
m the volume of water that could be passed through the body in a 
given time, and (2) that sea-water contained a large amount of dis- 
solved organic carbon compounds which constitute the chief if not 
the only food of a large number of marine animals. These views 
have given rise to much controversy and have been useful in stimu- 
lating further research, but I believe it is now admitted that Putter’s 
samples of water from the Bay of Naples and at Kiel were probably 
polluted, that his figures were erroneous, and that liis conclusions 

AH dates and stateimeiits as to occurrence refer to the Irish Sea round 
the south end of the Isle of Man. For further details eee Ideport Lancs, Sea- 
Fish, Lab. for 1919. 

JReport of Danish Biol, Station for 1919. 
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must be rejected, or at least greatly modified. His estimates of the 
plankton were minimum ones, while it seems probable that his figures 
for the organic carbon present represent a variable amount of organic 
matter arising from one of the reagents used in the analyses. The 
later experimental work of Henze, of Eaben, and of Moore shows that 
the organic carbon dissolved in sea-water is an exceedingly minute 
quantity, well within the limits of experimental error. Moore puts it, 
at the most, at one-millionth part, or 1 mgm. in a litre. At the Dundee 
meeting of the Association in 1912 a discussion on this subject took 
place, at which Putter still adhered to a modified form of his hypothesis 
of the inadequacy of the plankton and the nutrition of lower marine 
animals by the direct absorption of dissolved organic matter. Further 
work at Port Erin since has shown that, while the plankton supply 
as found generally distributed would prove sufficient for the nutrition 
of such sedentary animals as Sponges and Ascidians, which require to 
filter only about fifteen times their own volume of water per hour, 
it is quite inadequate for active animals such as Crustaceans and Pishes. 
These latter are, however, able to seek out and capture their food, and 
are not dependent on what they may filter or absorb from the sea- 
water, This result accords well with recorded observations on the 
irregularity in the distribution of the plankton, and wuth the valuations 
in the occurrence of the migratory fishes which may be regarded as 
following and feeding upon the swarms of planktonic organisms. 

This then, like most of the subjects I am dealing with, is still a 
matter of controvei'sy, still not completely understood. Our need, then, 
is Eesearch, more Eesearch, and still more Research. 

Our knowledge of the relations bet^veen plankton productivity and 
variation and the physico-chemical environment is still in its infancy, 
but gives promise of great results in the hands of the bio-chemist and 
the physical chemist. 

Eecent papers by Sf^rensen, Palitzsch, Witting, Moore, and others 
have made clear that the amount of hydrogen-ion concentration as 
indicated by the relative degree of alkalinity and acidity in the sea- 
water may undergo local and periodic variations and that these have 
an effect upon the living organisms in the water and can be correlated 
with their presence and abundance. To take an example from our 
own seas, Professor Benjamin Moore and his assistants in their work 
at the Port Erin Biological Station in successive years from 1912 
onwards have shown that the sea around the Isle of Man is a good 
deal more alkaline in spring (say April) than it is in summer (say 

23 See Moore, etc., Bto-Chem Journ. vi. p. 266, 1912. 

2^ ‘ Photosyiithelic phenomena lu sea-water,’ Trans. Liverpool Biol. Soc. 
xxix. 233, 1915. 
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July). The alkalinity, which gets low in summer, increases somewhat 
in autumn, and then decreases rapidly, to disappear during the winter; 
and then once more, after several months of a minimum, begins to 
come into evidence again in March, and rapidly rises to its maximum 
in April or May. This peohodic change in alkalinity will be seen to 
correspond roughly with the changes in the living microscopic contents 
of the sea represented by the phyto-plankton annual curve, and the 
connection between the two will be seen when we realise that the 
alkalinity of the sea is due to the relative absence of carbon dioxide. 
In early spring, then, the developing myriads of diatoms in their 
metabolic processes gradually use up the store of carbon dioxide accumu- 
lated during the winter; or derived from the bi-carbonates of calcium 
and magnesium, and so increase the alkahnity of the water, till the 
maximum of alkalinity, due to the fixation of the carbon and the reduc- 
tion in amount of carbon dioxide, corresponds with the crest of the 
phyto-plankton curve in, say, April. Moore has calculated that the 
annual turnover in the form of carbon which is used up or converted 
from the inorganic into an organic form probably amounts to some- 
thing of the order of 20^000 or 30,000 tons of carbon per cubic mile 
of sea- water, or, say, over an area of the Irish Sea measuring 16 square 
miles and a depth of 50 fathoms ; and this probably means a production 
each season of about two tons of dry organic matter, corresponding to 
at least ten tons of moist vegetation, per acre — which suggests that 
we may still he very far from getting from our seas anything like the 
amount of possible food-matters that are produced annually. 

Testing the alkalinity of the sea-water may therefore be said to be 
merely ascertaining and measuring the results of the photosynthetio 
activity of the great phyto-plankton rise in spring due to the daily 
increase of sunlight. 

The marine biologists of the Oamegie Institute, Washington, have 
made a recent contribution to the subject in certain observations on 
the alkalinity of the sea (as determined by hydrogen-ion concentration), 
during which they found in tropical mid-Pacific a sudden change to 
acidity in a current running eastwar-ds. Now in the Atlantic the Gulf 
Stream, and tropical Atlantic waters generally, are much more alkaline 
than the colder coastal water running south from the Gulf of St. 
Lawrence. That is, the colder Arctic water has more carbon dioxide. 
This suggests that the Pacific easterly set may be due to deeper water, 
containing more carbon dioxide (—acidity), coming to the surface at 
that point. The alkalinity of the sea-water can be determined rapidly 
by mixing the sample with a few drops of an indicator and observing 
the change of colour ; and this method of detecting ocean currents by 
observing the hydrogen-ion concentration of the water might be useful 
to navigators as showing the time of entrance to a known current. 
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Oceanography has many practical applications — chiefly, but by no 
means wholly, on the biological side. The great fishing industries of 
the world deal with living organisms, of which all the vital activities 
and the inter-relations with the environment are matters of scientific 
investigation. Aquiculture is as susceptible of scientific treatment as 
agriculture can be ; and the fisherman who has been in the past too 
much the nomad and the hunter — if not, indeed, the devastating raider- 
must become in the future the settled farmer of the sea if his harvest 
is to be less precarious. Perhaps the nearest approach to cultivation 
of a marine product, and of the fisherman reaping what he has actually 
sown, is seen in the case of the oyster and mussel industries on the 
west coast of France, in Holland, America, and to a less extent on 
our own coast. Much has been done by scientific men for these and 
other similar coastal fisheries since the days when Professor Coste 
in France in 1859 introduced oysters from the Scottish oyster-beds to 
start the great industry at Arcachon and elsewhere. Now we buy 
back the descendants of our own oysters from the French ostreicul- 
turists to replenish our depleted beds. 

It is no small matter to have introduced a new and important food- 
fish to the markets of the world. The remarkable deep-water “ tile- 
fish,’’ new to science and described as Lopholatilus cliamcaleonticeps , 
was discovered in 1879 by one of the United States fishing schooners 
to the south of Nantucket, near the 100-fathom line. Several thousand 
pounds weight were caught, and the matter was duly investigated by 
the United States Pish Commission. For a couple of years after that 
the fish was brought to market in quantity, and then something unusual 
happened at the bottom of the sea, and in 1882 millions of dead tile- 
fish were found floating on the surface over an area of thousands of 
square miles. The schooner Navarino sailed for two days and a night 
through at least 150 miles of sea, thickly covered as far as the eye 
could reach with dead fish, estimated at 256,000 to the square mile. 
The Fish Commission sent a vessel to fish systematically over the 
grounds known as the ‘ Gulf Stream slope,’ where the tile-fish had 
been so abundant during the two previous years, but she did not catch 
a single fish, and the associated sub-tropical invertebrate fauna was 
also practically obliterated. 

This wholesale destruction was attributed by the American oceano- 
graphers to a sudden change in the temperature of the water at the 
bottom, due in all probability to a withdrawal southwards of the warm 
Gulf Stream water and .a flooding of the area by the cold Uabrador 
current. 

I am indebted to Dr. C. H. Townsend, Director of the celebrated 
New York Aquarium, for the latest information in regard to the 
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reappearance in quantity of this valuable fish upon the old fishing grounds 
off Nantucket and Longi Island, at about 100 miles from the coast to 
the east and south-east of New York. It is believed that the tile-fish 
is now abundant enough to maintain an important fishery, which wall 
add an excellent food-fish to the markets of the United States. It is 
easily caught with lines at all seasons of the year, and reaches a 
length of over three feet and a weight of 40 to 50 pounds. During 
July 1915 the product of the fishery w^as about two and a half million 
pounds weight, valued at 55,000 dollars, and in the first few months 
of 1917 the catch was four and a half million pounds, for wdiich the 
fishermen received 247,000 dollars. 

We can scarcely hope in European seas to add new food-fishes to our 
markets, but much may be done through the co-operation of scientific 
investigators of the ocean wdth the Administrative Departments to bring 
about a more rational conservation and exploitation of the national 
fisheries. 

Earlier in this address I referred to the pioneer w^ork of the dis- 
tinguished Manx naturalist, Professor Edward Forbes. There are 
many of his writings and of his lectures which I have no space to 
refer to which have points of oceanographic interest. Take this, for 
example, in reference to our national sea fisheries. We find him in 
1847 writing to a friend : ‘ On Friday night I lectured at the Eoyal 
Institution. The subject w^as the bearing of submarine researches and 
distribution matters on the fishery question. I pitched into Govern- 
ment mismanagement pretty strong, and made a fair case of it. It 
seems tO' me that at a time wdien half the country is starving we are 
utterly neglecting or grossly mismanaging great sources of wealth 
and food. . . . Were I a rich man I would make the subject a hobby, 
for the good of the country and for the better proving that the time 
interests of Government are those linked wuth and inseparable from 
Science.’ We must still cordially approve of these last words, while 
recognising that our Government Department of Fisheries is now" being 
organised on better lines, is itself carrying on scientific w’ork of national 
importance, and is, I am happy to think, in complete sympathy wdth 
the woi'k of independent scientific investigators of the sea and desirous 
of closer co-operation with University laboratories and ‘biological 
stations. 

During recent years one of the most important and most frequently 
discussed of applications of fisheries investigation has been the pro- 
ductivity of the trawling grounds, and especially those of the North 
Sea. It has been generally agreed that the enormous increase of fishing 
power during the last forty years or so has reduced the number of 
large plaice, so that the average size of that fish caught in our home 
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waters has become smaller, although the total number of plaice landed 
had continued to increase up tO' the year of the outbreak of war. Since 
then, from 1914 to 1919, there has of necessity been what may be 
described as the most gigantic experiment ever seen in the closing of 
extensive fishing grounds. It is still too early to say with any certainty 
exactly what the results of that experiment have been, although some 
indications of an increase of the fish population in certain areas have 
been recorded. For example, the Danes, A. G. Johansen and Kirstine 
Smith, find that large plaice landed in Denmark are now more abun- 
dant, and they attribute this to a reversal of the pre-war tendency, 
due to less intensive fishing. But Dr. James Johnstone has pointed out 
that there is some evidence of a natural periodicity in abundance of such 
fish and that the results noticed may represent phases in a cyclic change. 
If the periodicity noted in Liverpool Bay holds good for other 
grounds it will be necessary in any comparison of pre-war and post- 
war statistics to take this natural variation in abundance into very 
caret ul consideration. 

In 'the application of oceanographic investigations to sea-fisheries 
problems, one ultimate aim, w^hether frankly adimtited or not, must 
be to obtain some kind of a rough approximation to a census or valua- 
tion of the sea — of the fishes that form the food of man, of the lower 
animals of the sea-bottom on which many of the fishes feed, and of 
the planktonic contents of the upper waters w’hich form the ultimate 
organised food of the sea — and many attempts have been made in 
different ways to attain the desired end. 

Our knowledge of the number of animals living in different regions 
of the sea is for the most part relative only. We know that one haul 
of the dredge is larger than another, or that one locality seems richer 
than another, but we have very little information as to the actual 
numbers of any kind of animal per square foot or per acre in the sea. 
Hensen, as we have seen, attempted to estimate the number of food- 
fishes in the Norih Sea from the number of their eggs caught in a 
comparatively small series of hauls of the tow-net, but the data were 
probably quite insufficient and the conclusions may be erroneous. It 
is an interesting speculation to which we cannot attach any economic 
importance. Heincke says of it : ‘ This method appears theoretically 
feasible, but presents in practice so many serious difficulties that no 
positive results of real value have as yet been obtained. ’ 

All biologists must agree that to determine even approximately the 
number of individuals of any particular species living in a known area 
is a contribution to knowledge which may be of great economic value 

See Johnstone, Beport Lancs. Sea~Ftsh, Lab. for 1917, p. 60; and Daniel, 
Beport for 1919, p. 51- 
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in tB.e case of the edible fishes, but it may be doubted whether Hensen’s 
methods, even with greatly increased data, will ever give us the 
required information. Petersen’s method, of setting free marked plaice 
and then assuming that the proportion of these recaught is to the total 
number marked as the fishermen’s catch in the same district is to the 
total population, will only hold good in circumscribed areas where there 
is practically no migration and where the fish are fairly evenly dis- 
tributed. This method gives us what has been called ' the fishing 
coefficient,’ and this has been estimated for the North Sea to have a 
probable value of about 0*33 for those sizes of fish which are caught by 
the trawl. Heincke,^® from an actual examination of samples of the 
stock on the ground obtained by experimental trawling (‘ the catch 
coefficient ’), supplemented by the market returns of the various 
countries, estimates the adult plaice at about 1,500 millions, of which 
about 500 milhons ai'e caught or destroyed by the fishermen annually. 

It is difficult to imagine any further method which will enable us 
to estimate any such case as, say, the number of plaice in the North 
Sea where the individuals are sO' far beyond our direct observation and 
are liable to change their positions at any moment. But a beginning 
can be made on more accessible ground with more sedentary animals, 
and Dr. 0. G. Joh. Petersen, of the Danish Biological Station, has 
for some years been pursuing the subject in a series of interesting 
Eeports oi the ‘ Evaluation of the Sea.’^^ He uses a bottom-sampler, 
or grab, which can be lowered down open and then closed on the 
bottom so as to bring np a sample square foot or square metre (or in 
deep water one-tenth of a square metre) of the sand or mud and its 
inhabitants. With this apparatus, modified in size and weight for 
different depths and bottoms, Petersen and his fellow- workers have 
made a very thorough examination of the Danish waters, and especially 
of the Kattegat and the Dimfjord, have described a series of ^ animal 
communities ’ characteristic of different zones and regions of shallow 
water, and have amved at certain numerical results as to the quantity 
of animals in the Kattegat expressed in tons — such as 5,000 tons of 
plaice requiring as food 50,000 tons of ' useful animals ’ (mollusca and 
polychaet worms), and 25,000 tons of starfish using up 200,000 tons 
of useful animals which might otherwise serve as food for fishes, and 
the dependence of all these animals directly or indirectly upon the 
great Beds of 21ostera, which make up 24,000,000 tons in Kattegat. 
Such estimates are obviously of grea,t biological interest, and even if 
only rough approximations are a valuable contribution to our under- 

F. Heincke, Cons. Per. Internat. Ex'plor. de la Mtr, ‘ Investigations on 
the Plaice,’ Copenhagen, 1913. 

See Beports of the Danish Biological Station, and especially the Bepori 
for 1918 ‘ The Sea l^ttom and its Production of Fish Food.’ 
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standing of the metabolism of the sea and of the possibility of increasing 
the yield of local fisheries. 

But on studying these Danish results in the light of what we know 
of our own marine fauna, although none of our seas have been examined 
in the same detail by the bottom-sampler method, it seems probable that 
Lhe animal communities as defined by Petersen are not exactly applicable 
on our coasts and that the estimates of relative and absolute abundance 
may be very different in different seas under different conditions. The 
work will have to be done in each great area, such as the North Sea, the 
English Channel, and the Irish Sea, independently. This is a necessary 
investigation, both biological and physical, which lies before the oceano- 
graphers of the future, upon the results of which the future preservation 
and further cultivation of our national sea-fisheries may depend. 

It has been shown by Johnstone and others that the common edible 
animals of the shore may exist in such abundance that an area of the 
sea may be more productive of food for man than a similar area of 
pasture or crops on land. A Lancashire mussel bed has been shown 
to have as many as 16,000 young mussels per square foot, and it is 
estimated that in the shallow waters of Liverpool Bay there are from 
twenty to 200 animals of sizes varying from an amphipod to a plaice 
on each square metre of the bottom.^® 

From these and similar data which can be readily obtained, it is 
not difficult to calculate totals by estimating the number of square 
yards in areas of similar character between tide-marks or in shallow 
water. And from weighings of samples some approximation tO’ the 
number of tons of available food may be computed. But one must 
not go too far. Let all the figures be based upon actual observation. 
Imagination is necessary in science, but in calculating a population 
of even a very limited area it is best tO' believe only what one can 
see and measure. 

Countings and weighings, however, do not give us all the informa- 
tion we need. It is something to know even approximately the number 
of millions of animals on a mile of shore and the number of millions 
of tons of possible food in a sea-area, but that is not sufficient. All 
food-fishes are not equally nourishing to man, and all plankton and 
bottom invertebrata are not equally nourishing to a fish. At this 
point the biolo'gist requires the assistance of the physiologist and the 
bio-chemist. We want to know next the value of our food matters 
in proteids, carbohydrates, and fats, and the resulting calories. Dr. 
Johnstone, of the Oceanography Department of the University of 
Liverpool, has already shown us how markedly a fat summer herring 

38 Conditions of Life in the Sea, Cambridge Univ. Press, 1908. 
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differs in essential constitution from the ordinary white fish, such as 
the cod, which is almost destitute of fat. 

Professor Brandt, at Kiel, Professor Benjamin Moore, at Poi't 
Erin, and others have similarly shown that plankton gatherings may 
vary greatly in their nutrient value according as they are composed 
mainly of Eiatoms, of Einofiagellates, or of Oopepoda. And, no doubt, 
the animals of the ‘ benthos,’ the common invertebrates of our sliores, 
will show similar differences in anal^’sisA^ Tt is obvious that some 
contain more solid flesh, others more water in their tissues, others 
more calcareous matter in the exoskeleton, and that therefore weight 
for weight we may be sure that some are more nutritious than the others ; 
and this is probably at least one cause of that preference we see in 
some of our bottom-feeding fish for certain kinds of food, such as 
polychaet worms, in which thei^e is relatively little waste, and ihin- 
shelled lamellibranch molluscs, such as young mussels, which have a 
highly nutrient body in a comparatively thin and brittle shell. 

My object in referring to these still incomplete investigations is to 
direct attention to what seems a natural and useful extension of faimistic 
work, for the purpose of obtaining some approximation to a quantitative 
estimate of the more important animals of our shores and shallow 
water and their relative values as either the immediate or the ultimate 
food O'f marketable fishes. 

Bach such fish has its " food-chain ’ or series of alternative chains, 
leading back from the food of man to the invertebrates upon which it 
preys and then to the food of these, and so down to the smallest and 
simplest organisms in the sea, and each such chain must have all 
its links fully worked out as to seasonal and quantitative occurrence 
back to the Diatoms and Flagellates which depend upon physical con- 
ditions and take us beyond the range of biology — but not beyond that 
of oceanography. The Diatoms and the Flagellates are probably more 
important than the more obvious sea- weeds not only as food, but also 
in supplying to the water the oxygen necessary for the respiration 
of living protoplasm. Our object must be to estimate the rate of pro- 
duction and rate of destruction of all organic substances in the sea. 

To attain to an approximate census and valuation of the sea — 
remote though it may seem — is a great aim, but it is not sufficient. 
W© want not only to observe and to count natural objects, but also 
to understand them. We require to know not merely wfiiat au organism 
is — in the fullest detail of structure and development and affinities — 

Moore and others have made analyses of the protein, fat, etc., in the soft 
parts of Sponge, Ascidian, Aplysia, Fusns, Echinns and Cancer at Port Erin, 
and find considerable differences — the protein ranging, for example from 8 to 
51 per cent., and the fat from 2 to 14 per cent, (see Bw-Ohemicai Journ. vi 
p. 291). 



president’s address. 


33 


and also where it occurs — again in full detail — and in what abundance 
under different circumstances, but also how it lives and what all its 
relations are to both its physical and its biological environment, and that 
IS where the physiologist, and especially the bio-chemist, can help us. 
In the best interests of biological progress the day of the naturalist 
who merely collects, the day of the anatomist and histologist who 
merely describe, is over, and the future is with the observer and the 
experimenter animated by a divine curiosity to enter into the life 
of the organism and understand how it lives and moves and has its 
being. * Happy indeed is he who has been able to discover the causes 
of things. ' 

Cardiff is a sea-port, and a great sea-port, and the Bristol Channel 
is a notable sea-fisheries centre of growing importance. The explorers 
and merchant venturers of the South-West of England are celebrated in 
history. What are you doing now in Cardiff to advance our knowledge 
of the ocean? You have here an important university centre and a 
great modern national museum, and either or both of these homes of 
research might do well to establish an oceanographical department, 
which would be an added glory to your city and of practical utility to 
the country. This is the obvious centre in Wales for a sea-fisheries 
institute for both research and education. Many important local move- 
ments have arisen from British Association meetings, and if such a 
notable scientific development were to result from the Cardiff meeting 
of 1920, all who value the advance of knowledge and the application of 
knowledge to industry would applaud your enlightened action. 

But in a wider sense, it is not to the people of Cardiff alone that 1 
appeal, but to the whole population of these Islands, a maritime people 
who owe everything to the sea. I urge them to become better informed 
in regard to our national sea-fisheries and take a more enlightened 
interest in the basal principles that underlie a rational regulation and 
exploitation of these important industries. National efficiency depends 
to a very great extent upon the degree in which scientific results and 
methods are appreciated by the people and scientific investigation is 
promoted by the Government and other administrative authorities. 
The principles and discoveries of science apply to aquiculture no less 
than to agriculture. To increase the harvest of the sea the fisheries 
must be continuously investigated, and such cultivation as is possible 
must be applied, and all this is clearly a natural application of the 
biological and hydrographical work now united under the science of 
Oceanography. 
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The Internal Constitution of the Stars. 

Last year at Bournemoutli we listened to a proposal from the President 
of the Association to bore a hole in the crust of the earth and discover 
the conditions deep down below the sm'face. This proposal may 
I’ernmd us that tiie most secret places of Nature are, perhaps, not 
10 to the n-ih. miles above our heads, but 10 miles below our feet. 
In the last five years the outward march of astronomical discovery has 
been rapid, and the most remote worlds are now scarcely safe from 
its inquisition. By tlie work of H. Shapley the globular clusters , which 
are found to be at distances scarcely dreamt of hitherto, have been 
explored, and our knowledge of them is in some respects more com- 
plete than that of the local aggregation of stars which includes the Sun. 
Distance lends not enchantment but precision to the view. Moreover, 
theoretical researches of Einstein and Weyl make it probable that the 
space wliich remains beyond is not illimitable; not merely the 
material universe, but space itself, is perhaps finite; and the explorer 
must one day stay his conquering march for lack of fresh realms to 
invade. But to-day let us turn our thoughts inwards to that other 
region of mystery — a region cut off by more substantial barriers, for, 
contrary to many anticipations, even the discovery of the fourth 
dimension has not enabled us to get 'at the inside of a body. Science 
Has material and non-material appliances to bore into the interior, and 
I have chosen to devote this address to what may be described as 
analytical boring devices — ah sit omen ! 

The analytical appliance is delicate at present, and, I fear, would 
make little headway against the solid crust of the earth. Instead of 
letting it blunt itself against the rocks, let us look round for something 
easier to penetrate. The Sun? Well, perhaps. Many have struggled 
to penetrate the mystery of the interior of the Sun ; but the dif&culties 
are great, for its substance is denser than wa.ter. It may not be quite 
so bad as Biron makes out in Lovers Labour* s Lost : — 

The heaven’s glorious sun. 

That will not be deep-searched with saucy looks ; 

Small have continual plodders ever won 
Save base authority from others’ books. 



2 


SECTIONAL. ADDRESSES. 


But it is far better if we can deal with matter in that state known 
as a perfect gas, which charms away difficulties as by magic. Where 
shall it be found? 

A few years ago we should have been puzzled to say where, except 
perhaps in certain nebulse ; but now it is known that abundant material 
of this kind awaits investigation. Stars m a truly gaseous state exist 
in great mmibers, although at first sight they are scarcely to be dis- 
criminated from 'dense stars like our Sun. Not only so, but the 
gaseous stars are the most powerful light-givers, so that tliey force 
themselves on our attention. Many of the familiar stars are of this 
kind — Aldebaran, Canopus, Arcturus, Antares ; and it would be safe 
to say that three-quarters of the naked-eye stars are in tins diffuse ‘ 
state. This remarkable condition has been made known tli rough the 
researches of H. N. Eusselh and E. Hertz sprung ; the way in which 
their conclusions, which ran counter to tlie prevailing thought of the 
time, ha.'ve been substantiated on all su^es by overwhelming evidence, 
is the outstanding feature 'of recent progress in stellar astronomy. 

The diffuse gaseous stars are called giaiits, and the dense stars are 
called dwarfs. During the life of a star there is presumably a gradual 
increase of density^ through contraction, so that these terms distinguish 
the earlier and later stages of stellar history. It appears tliat a star 
begins its effective life as a giant of comparatively low tempi'rature — 
a red or M-type star. As this diffuse mass of gas contracts its tem- 
perature must rise, a conclusion long ago pointed out by ITomer Lane. 
The rise continues until the star liecomes too dense, arul ceases to 
behave as a perfect gas. A maximum temperature is attained, depend- 
ing on the mass, after which the star, which lias now become a dwai’f, 
cools and further contracts. Thus each lemperatiire-level is passed 
through twice, once in an ascending and once in a descending stage — 
once as a giant, once as a dwarf. Temperature plays so predominant 
a part in the usual spectral classification that the ascending and 
descending stai-s were not originally discriminated, and the customary 
classification led to some perplexities. The separation of the two series 
was discovered thz*ough their great difference in luminosity, particularly 
striking in the case of the rf^d and yellow sta.rs, wliere llie t.\vo slag<‘s 
fall widely apart in the star’s history. The bloated giant bas a far 
larger surface than the compact dwarf, and gives correspondingly 
greater light. The distinction was also revealed by direct determina- 
tions of stellar densities, which are possible in the case of «dipsing 
variables like Algol. Finally, Adams and Kohlscliutter have set the 
seal on this discussion by showing that there are actual sjaxd.ral differ- 
ences l>etween the ascending and descending stars at the same iein- 
perature-level, which ar*e conspicuous enough — when they are looked 
for. 

Perhaps we should not too hastily assume that the direction of 
evolution is necessarily in the order of increasing density, in view of 
our ignorance of the origin of a star’s heat, to which I must allude 
later. But, at any rate, it is a. great advance to have disentangleHl what 


^ Nature^ vol. 93, pp. 227, 252, 281. 
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is the true order of continuous increase of density, which was hidden 
by superficial resemblances. 

The giant stars, representing the first half of a star’s hfe, are 
taken as material for our first boring experiment. Probably, measured 
in time, tins stage corresponds to much less than half the life, for 
here it is the ascent which is easy and the way down is long and slow. 
Let us try Lo picture the conditions inside a giant star. We need not 
dwell on the vast dimensions — a mass like that of the Sun, but swollen 
to much greater volume on account of the low density, often below 
that of our own atmosphere. It is the star as a storehouse of heat 
which especially engages our attention. In the hot bodies familiar to 
us the heat consists in the energy of motion of the ultimate particles, 
flying at great speeds hither and thither. So too in the stars a great 
store of heat exists in this form; but a new feature arises. A large 
proportion, sometimes more than half the total heat, consists of 
imprisoned radiant energy — ether- waves travelling in all directions 
trying to break through the material which encages them. The star 
is like a sie^^^e, which can only retain them temporarily; they are turned 
aside, scattered, absorbed for a moment, and flung out again in a new 
direction. An element of energy may thread the maze for hundreds 
of years before it attains the freedom of outer space. Nevertheless the 
sieve leaks, and a steady stream permeates outwards, supplying the 
light and heat which the .star radiates all round. 

That some ethereal heat as well as material heat exists in any hot 
body would naturally be admitted ; but the point on which we have 
here to lay stress is that in the stars, particularly in the giant stars, 
the ethereal portion rises to an importa.nce which quite transcends our 
ordinary experience, so that we are confronted with a new type of 
problem. In a red-hot mass of iron the ethereal energy constitutes 
less than a billionth part of the whole ; but m the tussle between matter 
and ether the ether gains a la.rger and larger proportion of the energy 
as the temperature rises. This change in proportion is rapid, the 
ethereal energy increasing rigorously as the fourth power of the tem- 
pera.ture, and the material energy roughly a.s the first power. But even 
at the temperatui^e of some millions of degrees attained inside the stars 
there would still remain a great disproportion; and it is the low density 
of material, and accordingly reduced ma.terial energy per unit volume 
in the giant stars, which wipes out the last few powers of 10. In all 
the giant stars known to us, widely as they differ from one another, the 
conditions are just reached a.t which these two varieties of heat-energy 
have attained a rough equality ; a.t any rate one cannot be neglected 
compared with the other. Theoretically there could be conditions in 
which the disproportion was i^eversed and the ethereal far out-weighed 
the material energy; but we do not find them in the stars. It is as 
though the stars had been measured out — ^that their sizes had been 
determined — -with a view to this balance of power; and one cannot 
refrain from attributing to this condition a deep significance in the 
evolution of the cosmos into separate stars. 

To- recapitulate. \Ye. are acquainted with heat in two forms — the 
energy of motion of material a.toms and the energy of ether waves. In 

a2 
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familiar hot bodies the second form exists only in insignificant quanti- 
ties. In the giant stars the two forms are present in more or less equal 
proportions. That is the new feature of the problem. 

On account of this new aspect of the problem the first attempts to 
penetrate the interior of a star are now seen to need correction. In 
saying this we do not depreciate the great importance of the early 
researches of Lane, Bitter, Emden, and others, which not only pointed 
the way for us to follow, but achieved conclusions of permanent value. 
One of the first questions they had to consider was by what means the 
heat radiated into space was brought up to the surface from the low 
level where it was stored. They imagined a bodily transfer of the hot 
material to the ,surfacie by currents of convection, as in our own 
atmosphere. But actually the problem is, not how the heat can be 
brought to the surface, but how the heat in the interior can be held 
back sufficiently — how it can be barred in and the leakage reduced to the 
comparatively small radiation emitted by the stars. Smaller bodies 
have to manufacture the radiant heat which they emit, living from 
hand to mouth; the giant stars merely leak radiant heat from their 
store. I have put that much too crudely; but perhaps it suggests the 
general idea. 

The recognition of ethereal energy necessitates a twofold modifi- 
cation in the calculations. In the first place, it abolishes the supposed 
convection currents ; and the type of equilibrium is that known as 
radiative instead of convective. This change was first suggested by 
R. A. Sampson so long ago as 1894. The detailed theory of radiative 
equifibrium' is particularly associated with K. Schwarzschild, who 
applied it to the Sun’s atmosphere. It is perhaps still uncertain whether 
it holds strictly for the atmospheric layers, but the arguments for its 
validity in the interior of a star are far more cogent. Secondly, the 
outflowing stream of ethereal energy is powerful enough to exert a 
direct mechanical effect on the equilibrimn of a star. It is as though 
a strong wind were rushing outwards. In fact we may fairly say that 
the stream of radiant energy is a wind ; for though ether waves are not 
usually classed as material, they have the chief mechanical properties 
of matter, viz. mass and momentum. This wind distends the star 
and relieves the pressure on the inner parts. The pressure on the gas 
in the interior is not the full weight of the superincumbent columns, 
because that weight is partially borne by the force of the escaping 
ether waves beating their way out. This force of radiation-pressure, 
as it is called, makes an important difference in the formulation of the 
conditions for equilibrium of a star. 

Haring revised the theoretical investigations in accordance with 
these considerations,^ we are in a position to deduce some definite 
numerical results. On the observational side we have fairly satis- 
factory knowledge of the masses and densities of the stars and of the 
total radiation emitted by them; this knowledge is partly individual and 
partly sta"tistical. The theoretical analysis connects these observational 
data on the one hand with the physical properties of the maiterial inside 


* Astro'phyaical Journal, vol. 48, p. 205. 
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tlie star on the other hand. We can thus find certain information as to 
the inner material, as though we had actually bored a hole. So far as 
can be judged there are only twO' physical properties of the material 
which can concern us — always pimvided that it is sufficiently rarefied 
to behave as a perfect gas — ^viz. the average molecular weight and 
the transparency or permeability to radiant energy. In connecting 
these two unknowns with the quantities given ^directly by astronomical 
observation we depend entirely on the well-tried principles of conserva- 
tion of momentum and the second law of thermodynamics. If any 
element of speculation remains in this method of investigation, I think 
it is no more than is inseparable from every kind of theoretical advance. 

We have, then, on the one side the mass, density and output of 
heat, quantities as to which we have observational knowledge; on the 
other side, molecular weight and transparency, quantities which we 
want to discover. 

To find the transparency of stellar material to the radiation 
traversing it is of particular interest because it links on this 
astronomical inquiry to physical investigations now being carried on in 
the laboratory, and to some extent it extends those investigations to 
conditions unattainable on the earth. At high temperatures the 
ether waves are mainly of very short wave-length, and in the stars we 
are dealing mainly with radiation of wave-length 3 to 30 Angstrom 
units, which might be described as very soft r-rays It is interesting, 
therefore, to compare the results with the absorption of the harder 
a;-rays dealt with by physicists. To obtain an exact measure of this 
absorption in the stars we have to assume a value of the molecular 
weight ; but fortunately the extreme range possible for the molecular 
weight gives fairly narrow limits for the absorption. The average 
weight of the ultimate independent particles in a star is probably 
rather low, because in the conditions prevailing there the atoms would 
he strongly ionised ; that is to say, many of the outer electrons of the 
system of the atom would be broken off; and as each of these free 
electrons counts as an independent molecule for the present purposes, 
this brings down the average weight. In the extreme case (probably 
not reached in a star) when the whole of the electrons outside the 
nucleus are detached the averagle. weight comes down to< about 2, 
whatever the material, because the number of electrons is about half 
the atomic weight for all the elements (except hydrogen). We may, 
then, safely take 2 as the extreme lower limit. For an upper limit we 
might perhaps take 200 ; but to avoid controversy we shall be generous 
and merely assume thaf the molecular weight is not greater than — 
infinity. Here is the result: — 

For molecular weight 2, mass-coefficient of absorption = 10 
C.G.S. units. 

For molecular weight oo , mass-coefficient of absorption = 130 
C.G.S. units. 

The true value, then, must be betw^een 10 and 130. Partly from 
thermodynamical considerations, and partly from further comparisons 
of astronomical observation with theory, the most likely value seems 
to be about 35 C.G.S. units, corresponding to molecular weight 3*5. 
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Now this is of the same order of magnitude as the absorption of 
a:-rays measured in the laboratory. I think the result is in itself of 
some interest, tha,t in such widely different investigations we should 
approach the same kind of value of the opacity of matter to radiation. 
The penetrating power o-f the radiation in the star is much like that of 
a;-rays ; more than half is absorbed in a path of 20 cms. at atmospheric 
density. Incldentalh^ this very high opacity explains why a star is so 
nearly heat tight, and can store vast supplies of heat with comparatively 
little leakage. 

So- far this agrees with what might have been anticipated ; but there 
is another conclusion which physicists would probably not have foreseen. 
The giant series comprises stars differing widely in their densities and 
temperatures, those at one end of the series being on the average 
about ten times hotter throughout than those at the other end. By 
the present investigation we can compare directly the opacity of the 
hottest stars with that of the coolest stars. The rather surprising 
result emerges that the opacity is the same for all; at any rate there 
is no difference large enough for us to detect. There seems no i-oom 
for doubt that at these high temperatures the absoi'ption-coefficient is 
approaching a limiting value, sO' that over a wide range it remains 
practically constant. With regard to this constancy, it is to be noted 
that the temperature is concerned twice over : it determines the character 
and wave-length of the radiation to be absorbed, as well as the physical 
condition of the material which is absorbing. From the experimental 
knowledge of x-rays we should have expected the absorption to vary 
very rapidly with the wave length, and therefore with the tornpeiuture. 
It is surprising, therefore, to find a nearly constant value. 

The result becomes a little less mysterious when we consider more 
closely the nature of absorption. Absorption is not a continuous 
process, and after an atom has absorbed its quantum it is put out of 
action for a time until it can recover its original state. We know 
very little of what determines the rate of recovery of the atom, but it 
seems clear that there is a limit to the amount of absorption that can 
be performed by an atom in a given time. When that limit is reached 
no increase in the intensity of the incident radiation will lead to any 
more absorption. There is in fact a saturation effect. In the 
laboratory experiments the radiation used is extremely weak ; the atom 
is practically never caught unprepared, and the absorption is propor- 
tional to the incident radiation. But in the stars the radiation is very 
intense and the saturation effect comes in. 

Even granting that the problem of absorption in the stars involves 
this saturation eSect, which does not affect laboratory experiments, it 
is not very easy to understand theoretically how the various conditions 
combine to give a constant absorption -coefficient independent of tem- 
perature and wave-length. But the astronomical results seem con- 
clusive. Perhaps the most hopeful suggestion is one made to me a 
few years ago by C. G. Barkla. He suggested that the opacity of 
the stars may depend mainly on ^scattering rather than on true atomic 
ab^rption. In that case the constancy has a simple explanation, for 
it is known that the coefficient of scattering (unlike true absorption) 
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approaches a definite constant value for radiation of short wave-length. 
The value, moreover, is independent of the material. Further, scat- 
tering is a continuous process, and thei'e is no likelihood of any 
saturation effect; thus for veiy intense streams of radiation its value is 
maintained, whilst the true absorption may sink to comparative 
insignificance. The difficulty in this suggestion is a numerical dis- 
crepancy between the knowm theoretical scattering and the values 
already given as deduced from the stars. The theoretical coefficient 
is only 0'2 compared with the observed value 10 to 130. Barkla further 
pointed out that the waves here concerned are not short enough to give 
the ideal coefficient; they would be scattered more powerfully, because 
under their influence the electrons m any atom would all vibrate in the 
same phase instead of hapha.zard phases. This might help to bridge 
the gap, but not sufficiently. It must be remembered that many of the 
electrons have broken loos© from the atom and do not contribute to the 
increase.’^ Making all allowances for uncertainties in the data, it seems 
clear that the astronomical opacity is definitely liigher than the theoretical 
scattering. Very recentlj^, however, a new possibility has opened up 
which may possibly effect a reconciliation. Later in the address I shall 
refer to it again. 

Astronomers must \vatch with deep interest the investigations of 
these short waves, which are being pursued in the laboratory, as well 
as the study of the conditions of ionisation both by experimental and 
theoretical physics, and I am glad of this opportunity of bringing before 
those who deal with these problems the astronomical bearing of their 
work. 

I can only allude very briefly to the purely astronomical results 
which follow from this investigation;^ it is here that the best oppor- 
tunity occurs for checking the theory by comparison wfith observation, 
and for finding out in what respects it may be deficient. Unfoi'tunately, 
the observational data are generally not very precise, and the test is not 
so stringent as we could wish. It turns ont that (the opacity being 
constant) the total radiation of a giant star should he a function of its 
mass only, independent of its temperature or state of diffuseness. The 
total radiation (which is measured roughly by the luminosity) of any 
one star thus remains constant during the whole giant stage of its 
history. This agrees with the fundamental feature, pointed out by 
Russell in introducing the giant and dwarf hypothesis, that giant stars 
of every spectral type have nearly the same luminosity. From the 
range of luminosity of these stars it is now possible to find their range 
of mass. The masses are remarkably alike — a fact already suggested 
by wmrk on double stars. Limits of mass in the ratio 3 : 1 would cover 
the great majority of the giant stars. Somewhat tentatively we are able 
to extend the investigation to d>varf stars, taking account of the 

® for iron non-ionised the theoretical scattering is 5.2, against _ an 

astronomical value 120. If 16 electrons (2 rings) are broken off the theoretical 
coefficient is 0.9 against an astronomical value 35. For different assumptions 
as to ionisation the values chase one another, but cannot be brought -within 
reasonable range. 

^ Monthly Notices, vol, 77, pp. 16, 596; vol. 79, p. 2. 
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deYiations of dense gas from the ideal laws and using our own Sun to 
supply a determination of the unknown constant involved. We can 
calculate the maximum temperature reached by different masses; for 
example, a star must have at least the mass of the Sun in order to 
reach the lowest spectral type, M; and in order to reach the hottest 
type, B, it must be at least 2A- times as massive as the Sun. Happily 
for the theory nO' star has yet been found vith a mass less than 
^ of the Sun’s ; and it is a well-known fact, discovered from the study 
of spectroscopic binaries, that the masses of the B stars are large com- 
pared with those of other types. Again, it is possible to calculate the 
difference of brightness of the giant and dwarf stars of type M, i.e. at 
the beginning and end of their career ; the result agrees closely with the 
observed difference. In the case of a class of variable stars in which 
the light changes seem to depend on a mechanical pulsation of the 
star, the knowledge we have obtained of the internal conditions enables 
us to predict the period of pulsation within narrow limits. Bor example, 
for S Gephei, the best-known star of this kind, the theoretical period 
is between 4 and 10 days, and the actual period is 5^* days. Correspond- 
ing agreement is found in all the other cases tested. 

Our observational knowledge of the things here discussed is chiefly 
of a rather vague kind, and we can scarcely claim more than a general 
agreement of theory and observation. What we have been able to do 
in the way of tests is to offer the theory a considerable number of 
opportunities to ‘ make a fool of itself, ’ and so far it has not fallen 
into our traps. When the theory tells us that a star having the mass 
of the Sun -svill at one stage in its career reach a maximum eflective 
temperature of 9,000° (the Sun’s effective temperature being 6,000°) 
we cannot do much in the vray of checking it ; but an erroneous theory 
might well have said that tHe maximum temperature was 20,000° (hotter 
than any known star), in which case we should have detected its error. 
If we cannot feel confident that the answers of the theory are true, it 
must be admitted that it has shown some discretion in lying without 
being found out. 

It would not be surprising if individual stars occasionally depart 
considerably from the calculated results, because at present no serious 
attempt has been made to take into account rotation, which may modify 
the conditions when sufficiently rapid. That appears to be the next 
step needed for a moie exact study of the question. 

Probably the greatest need of stellar astronomy at the present day, 
in order to make sure that our theoretical deductions are starting on the 
right lines, is some means of measuring the .apparent angular diamelers 
of stars. At present we can calculate them approximately from theory, 
but there is no observational check. We believe we know with fair 
accursicy the apparent surface brightness corresponding to each spectral 
type ; then all that is necessary is to divide the total apparent brightness 
by this surface brightness, and the result is the angular area subtended 
by the star. The unknown distance is not involved, because surface 
brightness is independent of distance. Thus the estimation of the 
angular diameter of any star seems to be a very simple matter. For 
instance, the star with the greatest apparent diameter is almost certainly 
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Betelgeuse, diameter *051^''. Next to it comes Antares, *043^^. Other 
examples are Aldebaran '022'', Arcturus ‘020^^ Pollux ‘013 Sirius 
comes rather low down with diameter '007'^. The following table may 
be of interest as showing the angular diameters expected for stars of 
various types and visual magnitudes: — 


Prohahle Angular Diameters of Stars. 


Vis. Mag. 

A 

F 

a 

K 



M 

m. 


ft 



n 1 

1 

0-0 

•0034 

•0054 

•0098 

•0219 ‘ 

•0859 

2-0 

•0014 

-0022 

•0039 

•0087 i 

•0342 

4-0 

•0005 

•0009 

•0016 

•0035 

•0136 1 


However confidently we may believe in these values, it would be 
an immense advantage to have this first step in our deductions placed 
beyond doubt. If the direct measurement of these diameters could be 
made with any accuracy it would make a wonderfully rapid advance 
in our knowledge. The prospects of accomplishing some part of this 
task are now quite hopeful. We have learnt with great interest this 
year that work is being carried out by interferometer methods with the 
100-inch reflector at Mount Wilson, and the results are most promising. 
At present the method has only been applied to measuring the separation 
of close double stars, but there seems to be no doubt that an angular 
diameter of ' 05 ^' is well within reach. Although the great mirror is 
used for convenience, the interferometer method does not in principle 
require great apertures, but rather two small apertures widely separated 
as in a. range-finder. Prof. Hale has stated, moreover, that success- 
ful results were obtained on nights of poor seeing. Perhaps it would 
be unsafe to assume that ^ poor seeing ’ at Mount Wilson means quite 
the same thing as it does for us, and I anticipate that atmospheric 
disturbance will ultimately set the limit to what can be accomplished. 
But even if w© have to send special expeditions to the top of one of the 
highest mountains in the world the attack on this far-reaching problem 
must not 'be allowed to languish. 

I spoke earlier of the radial ion -pressure exerted by the outflowing 
heat, which has an important effect on the equilibrium of a star. It is 
quite easy to calculate what proportion of the weight of the material 
is supported in this way ; it depends neither on the density nor opacity, 
but solely on the star’s total mass and on the molecular weight. No 
astronomical data are needed ; the calculation involves only fundamental 
physical constants found by laboratory researches. Here are the 
figures, first for average molecular weight 3*0: — 

For mass x Sun, fraction of weight supported by radiation- 
pressure = *044. 

For mass 5 x Sun, fraction of weight supported by radiation- 
pressure = *457. 

For molecular weight 5'0 the corresponding fractions are '182 and 
■645. 
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The molecular weight can scarcely go beyond this range, ^ and 
for the conclusions I am about to draw it does not much matter which 
limit we take. Probably 90 per cent, of the giant stars have masses be- 
tween and 5 times the Sun’s, and we see that this is just the range in 
which radiation-pressure rises from unimportance to importance. It 
seems clear that a globe of gas of larger mass, in which radiation-pres- 
sure and gravitation are nearly balancing, would be likely to be unstable. 
The condition may not be strictly unstable in itself, but a small imtation 
or perturbation would make it so. It may therefore be conjectured 
that, if nebulous material began to concentrate into- a mass much greater 
than 5 times the Sun’s, it would probably break up, and continue to 
redivide until more stable masses resulted. Above the upper limit the 
chances of survival are small ; when the low^er limit is approached the 
danger has practically disappeared, and there is little likelihood of any 
further breaking-up. Thus the final masses are left disti’ibuted almost 
entirely between the limits given. To put the matter slightly differently, 
we are ahle to predict from general principles that the material of the 
stellar universe wnll aggregate primarily into masses chiefly lying 
between 10'**^ and 10^^ grams ; and this is just the magnitude of the 
masses of the stars according to astronomical observation.® 

This study of the radiation and internal conditions of a star brings 
forward veiw pressingly a problem often debated in this Section : 
What is the source of the heat which the Sun and stars are continually 
squandering? The answer given is almost unanimous — that it i& 
obtained from the gravitational energy converted as the star steadily 
contracts. But almost as unanimously this answer is ignored in its 
practical consequences. Lord Kelvin showed that this hypothesis, due 
to Helmholtz, necessanly dates the birth of the Sun about 20,fK'K),000 
years ago; and he made strenuous efforts to induce geologists and 
biologists to accommodate their demands to this time-scale, I do not 
think they proved altogether tractable. But it is among his own col- 
leagues, physicists and astronomers, that the most outrageous violations 
of this limit have prevailed. I need only refer to Sir George Darwin’s 
theory of the earth-moon system, to the present Lord Rayleigh’s deter- 
mination of the age of terrestrial rocks from occluded helium, and to all 
modem discussions of the statistical equilibrium of the stellar system. 
No one seems to have any Hesitation, if it suits him, in eaiTying back 
the history of the earth long before the supposed date of formation 
of the solar system ; and in some eases at least this appears to be justified 

^ As an illustration of these limits, iron has 26 outer electrons ; if 10 break 
away the average molecular weight is 5 ; if 18 break away the molecular weight 
is 3. Eggert (P7^?/s. 1S19, p. 570) has suggested by thermodynamical 

reasoning that in most cases the two outer rings (16 electrons) would break away 
in the stars. The comparison of theory and oheervation for the dwarf stars 
also points to^ a molecular weight a little greater than 3. 

« By admitting plaxisible assumptions closer limits could be drawn. Taking 
the molecular weight ae 3.5, and assuming that the most critical condition is 
when i of gravitetion is counterbalanced (by analogy with the case of rotating 
spheroids* in which centrifugal force opposes gravitation and creates instability), 
we find that the critical mass is just twice that of the Sun, and stellar masses 
may be expected to cluster closely round this value. 
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by experimental evidence which it is difficult to dispute. Lord Kelvin’s 
date of the creation of the Sun is treated with no more respect than 
A 1 “c h lii s hop' U s s her ’ s . 

The serious consequences of this contraction hypothesis are particu- 
larly prominent in the case of giant stars, for the giants are prodigal 
with their heat and radiate at least a hundred times as fast as the 
Sun. The supply of energy which suffices to maintain the Sun for 
10,000,000 years would be squandered by a giant star in less than 
100,000 years. The whole evolution in the giant stage "would have to 
be very rapid. In 18,000 years at the most a typical star must pass 
from the initial M stage to type G. In 80,000 years it has reached type 
A, near the top of the scale, and is about to start on the downward 
path. Even these figures are probably very much over-estimated.'^ 
Most of the na,ked-eye stars are still in the giant stage. Dare we 
believe that they were all formed within the last 80,000 years? The 
telescope reveals to us objects not only remote in distance but remote 
in time. We can turn it on a globular cluster and behold what was 
passing 20,000, 50,000, even 200,000 years ago — ^unfortunately not all 
in the same cluster, but different clusters representing different epochs 
of the past. As Shapley has pointed out, the verdict appears to be 
* no change.’ This is perhaps not conclusive, because it does not follow 
that individual stars have suffered nO' change in the interval ; but it is 
difficult to resist the impression that the evolution of the stellar universe 
proceeds at a slow, majestic pace, with respect to which these periods of 
time are insignificant. 

There is another line of astronomical evidence which appears to 
■show more definitely that the evolution of the stars proceeds far more 
slowly than the contraction hypothesis allows ; and perhaps it may ulti- 
mately enable us to measure the true rate of progress. There are 
certain stars, known as Cepheid variables, which undergo^ a regpilar 
fluctuation of light of a characteristic kind, generally with a period of a 
few days. This light change is not due to eclipse. Moreover, the 
colour quality of the light changes between maximum and minimum, 
evidently pointing to a periodic change in the physical condition of the 
tetar. Although these objects were formerly thought to he double 
stars, it now seems clear that this was a misinterpretation of the 
spectroscopic evidence. There is in fact nO' room for the hypothetical 
companion star; the orbit is so small that we should have to place it 
inside the principal star. Everything points to the period of the light 
pulsation being something intrinsic in the star ; and the hypothesis 
advocated by Shapley, that it represents a mechanical pulsation of the 
star, seems to be the most plausible. I have already mentioned that the 
observed period does in fact agree with the calculated period of 
mechanical pulsation, so that the pulsation explanation survives one 
fairly stringent test. But whatever the cause of the variability, 
whether pulsation or rotation, provided only that it is intrinsic in the 

I have taken- the ratio of specific -heats at the extreme possible value, ^ ; 
that is to say, no allowance has been made for the energy needed for ionisa- 
tion and internal vibrations of the atoms, which makes a further call on the 
scanty supply available. 
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star, and not forced from outside, the density must be the leading factor 
in deteiTuining the period. If the star is contracting.so that its density 
changes appreciably, the period cannot remain constant. Now, on the 
contraction hypothesis the change of density must amount to at least 
1 per cent, in 40 years. (I give the figures for B Oephei, the best- 
known variable of this class.) The corresponding change of period 
should be verj^ easily detectable. For S Oephei the period ought to 
decrease 40 seconds annually. 

Now B Oephei has been under careful observation since 1785, and 
it is known that the change oi period, if any, must be very small. 
S. Chandler found a decrease of period of second per annum, and in a 
recent investigation E. Hertzsprung has found a decrease of second 
per annum. The evidence that there is any decrease at all rests almost 
entirely on the earliest observations made before 1800, so that it is not 
very certain ; but in any case the evolution is proceeding at not more 
than of the rate required by the contraction hypothesis. There 
must at this stage of the evolution of the star be some other source 
of energy which prolongs the life of the star 4'00-fold. The time-scale 
so enlarged would su.f6.ce for practically all reasonable demands. 

I hope the dilemma is plain. Either we must admit that whilst the 
density changes 1 per cent. a. certain period intrinsic in the star can 
change no more than^^^ of 1 per cent., or we must give up the con- 
traction hypothesis. 

If the contraction theory w'ere proposed to-day as a novel hypothesis 
I doi not think it would stand the smallest chance of acceptance. From all 
sides — biology, geolo'g>% pliysics, astronomy — it would be objected that 
the suggested source of energy was hopelessly inadequate to provide the 
heat spent during the necessary time of evolution ; and, so far as it- is 
possible to interpret observational evidence confidently, the theory would 
be held to be definitely negatived. Only the inertia of tradition keeps 
the contraction hypothesis alive — or rather, not alive, but an nnburied 
corpse. But if we decide to inter the corpse, let us frankly recognise 
the position in which we are left. A star is drawing on some vast 
reservoir of energy by means unknown to us. This reservoir can 
scarcely be other than the sub-atomic energy which, it is known, exists 
abundantly in all matter ; we sometimes dream that man will one day 
learn how to release it and use it for his service. The store is well-nigh 
inexhaustible, if only it could be tapped. There is sufficient in the Sun 
to maintain its output of heat for 15 billion years. 

Certain physical investigations in the past year, which I hope we 
may hear about at this meeting, make it probable to my mind that some 
portion of this sub-atomic energy is actually being set free in the stars. 
F. W. Aston *s experiments seem to leave no room for doubt that all the 
elements are constituted out of hydrogen atoms bound together with 
negative electrons. The nucleus of the helium atom, for example, 
consists of 4 hydrogen atoms bound with 2 electrons. But Aston has 
further shown conclusively that the mass of the helium atom is less 
than the sum of the masses of the 4 hydrogen atoms which enter into 
it ; and in this at any rate the chemists agx^ee with him. There is a 
loss of mass in the synthesis amounting to about 1 pnrt in 120, the 
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atomic weight of liydrogen being 1‘008 and that of helium just 4. I 
will not dwell on Jiis beautiful proof of this, as you will no doubt be 
able to hear it from himself- Now mass cannot be annihilated, and the 
deficit can only represent the mass of the electrical energy set free in 
the transmutation. We can therefore at once calculate the quantity of 
energy liberated when helium is made out of hydrogen. If 5 per cent, 
of a star’s mass consists initially of hydrogen atoms, which are gradually 
being combined to' form more complex elements, the total heat liberated 
will more than suffice for our demands, and we need look no further 
for the source of a star’s energy. 

But is it possible to admit that such a transmutation is occurring? 
It is difficult to assert, but perhaps more difficult to deny, that this is 
going on. Sir Ernest Rutherford has recently been breaking down the 
atoms of oxygen and nitrogen, driving out an isotope of helium from 
them ; and what is possible in the Cavendish laboratory may not be 
too difficult in the Sun. I think that the suspicion has been generally 
entertained that the stars are the crucibles in which the lighter atoms 
which abound in the nebulae are compounded into more complex 
elements. In the stars matter has its preliminary Jbrewing to prepare 
the greater variety of elements which are needed for a world of life. 
The radio-active elements must have been formed at no very distant 
date ; and their synthesis, unlike the generation of helium from 
hydrogen, is endothermic. If combinations requiring the addition of 
energy can occur in the stars, combinations which liberate energy ought 
not tO' be impossible. 

We need not bind ourselves to the formation of helium from 
hydrogen as the sole reaction which supplies the energy, although it 
would seem that the further stages in building up the elements involve 
much less liberation, and sometimes even absorption, of energy. It is 
a question of accurate measurement of the deviations of atomic weights 
from integers, and up to the present hydrogen is the only element for 
which Mr. Aston has been able to detect the deviation. No doubt we 
shall learn more about the possibilities in due time. The position may 
be summarised in these terms : the atoms of all elements are built of 
hydrogen atoms bound together, and presumably have at one time been 
formed from hydrogen ; the interior of a star seems as likely a place 
as any for the evolution to have occurred ; whenever it did occur a great 
amount of energy must have been set free; in a star a vast quantity 
of enei'gy is being set free which is hitherto unaccounted for. You 
may draw a conclusion if you like. 

If, indeed, the sub-atomic energy in the stars is being freely used 
to maintain their great furnaces, it seems to bring a little nearer to 
fulfilment our dream of controlling this latent power for the well-being 
of the human race — or for its suicide. 

So far as the immediate needs of astronomy are concerned, it is 
not of any great consequence whether in this suggestion we have actually 
laid a finger on the true source of the heat. It is sufficient if the 
discussion opens our eyes to the wider possibilities. We can get rid 
of the obsession that there is no other conceivable supply besides con- 
traction, but we need not again cramp ourselves by adopting prematurely 
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what is perhaps a still wilder guess. Rather we should admit that the 
source is not -certainly known, and seek for any possible astronomical 
evidence which may help to define its necessary character. One piece 
of evidence of this kind may be worth mentioning. Ir seems clear that 
it must be the high temperature inside the stars which deteimines the 
liberation of energy, as H. N. Russell has pointed out.^ If so the 
supply may come mainly from the hottest region at the centre. I have 
already stated that the general uniformity of the opacity of the stars 
is much more easily intelligible if it depends on scattering rather than 
on true absorption ; but it did not seem possible to reconcile the deduced 
stellar opacity with the theoretical scattering coefficient. Within 
reasonable Imiits it makes no greal difference in our calculations at what 
parts of the star the heat energy is supplied, and it was assumed that 
it comes more or less evenly from all parts, as would be the case on 
the contraction theory. The possibility was scarcely contemplated that 
the energy is supplied entirely in a restricted region round the centre. 
Now, the more concentrated the supply, the lower is the opacity requisite 
to account for the observed radiation. I have not made any detailed 
calculations, but it seems possible that for a sufficiently concentrated 
source the deduced and the theoretical coefficients could be made to 
agree, and there does not seem to be any other way of accomplishing 
this. Conversely, we might perhaps argue that the present discrepancy 
of the coefficients shows that the energy supply is not spread out in the 
way required b}' the contraction hypothesis, but belongs to some ne^^' 
source only available at the hottest, central pai^t of the star. 

I should not be surprised if it is whispered that this address has at 
times vei-ged on being a little bit speculative ; perhaps some outspoken 
friend may bluntly say that it has been highly speculative from 
beginning to end. I wonder what is tlie touchstone by which we may 
test the legitimate development of scientific theory and reject the idly 
speculative. We all know of theories which the scientific mind in- 
stinctively rejects as fruitless guesses; but it is difficult to specify their 
exact defect or to supply a rule which will show us when we ourselves 
do err. It is often supposed that to speculate and to make hypotheses 
are the same thing; but more often they are opposed. It is when we 
let our thoughts stray outside venerable, hut sometimes insecure, 
hypotheses that we are said to speculate. Hypothesis limits speculation. 
Moreover, distrust of speculation often serves as a cover for loose 
thinking; wild ideas take anchorage in our minds and influence our out- 
look; whilst it is consideied too speculative to subject them to the 
scientific scrutiny which would exorcise them. 

If we are not content with the dull accumulation of experimental 
facts, if we make any deductions or generalisations, if we seek for any 
theory to guide us, some degree of speculation cannot be avoided. Some 
will prefer to take the interpretation which seems to ho moat imme- 
diately indicated and at once adopt that as an hypothesis; others will 
rather seek to explore and classify the widest possibilities which are 
not definitely inconsistent with the facts. Either choice has its dangers ; 
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the first may be too narrow a view and lead progress into a cul-de-sac ; 
the second may be so broad that it is useless as a guide, and diverges 
indefinitely from experimental knowledge. When this last case 
happens, it must be concluded that the knowledge is not yet ripe for 
theoretical treatment and speculation is premature. The time when 
speculative theory and observational research may profitably go hand 
in hand is when the possibilities, or at any rate the probabilities, can 
be narrowed down by experimeni, and the theory can indicate 
the tests by which the remaining wnong paths may- be blocked up one 
by one. 

The mathematical physicist is in a position of peculiar difficulty. 
He may work out the behaviour of .an ideal model of material with 
specifically defined properties, obeying mathematically exact laws, and 
so far his work is unimpeachable. It is no more speculative than 
the binomial theorem. But when he claims a serious interest for 
his toy, when he suggests that his model is like something going on m 
Nature, he inevitably begins to speculate. Is the actual body really 
like the ideal model? May not other unknown conditions inteiwene? 
He cannot be sure, but he cannot suppress the comparison; for it is by 
looking continually to Nature that he is guided in his choace of a sub- 
ject. A common fault, to which he must often plead guilty, is to use 
for the comparison data over which the more experienced observer 
shakes his head; they are too insecure to build extensively upon. Yet 
even in this, theory i^ay help observation by showing the kind of data 
which it is especially important to improve. 

I think that the more idle kinds of speculation will be avoided if 
the investigation is conducted from the right point of view. When the 
properties of an ideal model have been wmrked out by rigorous mathe- 
matics, all the underlying assumptions being clearly understood, then 
it becomes possible to say that such and such properties and laws lead 
precisely to such and such effects. If any other disregarded factors 
are present, they should now betray themselves when a comparison is 
made with Nature. There is no need for disappointment at the failmre 
of the model to give perfect agreement with observation ; it has served 
its purpose, for it has distinguished what are the features of the actual 
phenomena which require new conditions for their explanation. A 
general preliminary agreement with observation is necessary, otherwise 
the model is hopeless ; not that it is necessarily wrong so far as it goes, 
but it has evidently put the less essential properties foremost. W^e 
have been pulling at the wrong end of the tangle, which has to be un- 
ravelled by a different approach. But after a general agreement with 
observation is established, and the tangle begins to loosen, we should 
always make ready for the next knot. I suppose that the applied 
mathematician whose theory has just passed one still more stringent test 
by observation ought not to feel satisfaction, but rather disappointment 
— ‘ Foiled again ! This time I had hoped to fiiid a discordance which 
would throw light on the points where my model could be improved. ’ 
Perhaps that is a counsel of perfection; I own that I have never felt 
very keenly a disappointment of this kind. 

Our model of Nature should not be like a building — a handsome 
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structure for the populace to admire, until in the course of time someone 
takes away a comer stone and the edifice comes toppling down. It 
should be like an engine with movable parts. We need not fix the 
position of any one lever; that is to be adjusted from time to time as 
the latest observations indicate. The aim of the theorist is to know 
the train of wheels which the lever sets in motion — that binding of the 
parts which is the soul of the engine. 

In ancient days two aviators procm'ed to themselves wings. 
Dsedalus flew safely through the middle air across the sea, and was duly 
honoured on his landing. Young Icarus soared upwards towards the 
Bun till the wax melted which bound his wings, and his flight ended 
in fiasco. In weighing their achievements perhaps there is something 
to be said for Icarus. The classic authorities tell us that he was only 
‘ doing a stunt, ’ but I prefer to think of him as the man who certainly 
brought to light a constructional defect in the flying-machines of his 
day. So too in science. Cautious Daedalus will apply his theories 
w’here he feels most confident they will safely go; but by his excess of 
caution their hidden weaknesses cannot be brought to light. Icarus 
win strain his theories to the breaking- point till the weak joints gape. 
Dor a spectacular stimt? Perhaps partly; he is often very human. 
But if he is not yet destined to reach the Sun and solve for all time the 
riddle of its constitution, yet he may hope to learn from his joumejr 
some hints to build a better machine. 
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C. T. HEYCOCK, M.A., F.R.S., 

PRESIDENT OF THE SECTION. 

During its past eighty-nine years of useful life the British Association 
fias, in the course of its evolution, established certain traditions ; among 
these is the expectation that the sectional President shall deliver an 
address containing a summary of that branch O'f natural knowledge with 
which he has become especially acquainted. 

The rapid accumulation of experimental observations during the 
last century, and the consequent necessity for classifying the observed 
tacts with the aid of hypotheses and theories of ever-increasing coni- 
jilexity, make such summaries of knowledge essential, not only to the 
student of science, but also to the person of non-specialised education 
who desires to realise something of the tendencies and of the results 
of modern science. 

At the present moment, when the whole world is in pause after 
having overcome the greatest peril which has ever threatened civilisa- 
tion; when all pioductive effort, sooial, artistic, and scientific, is under- 
going reorganisation preparatory to an advance which will eclipse in 
importance the progress made duiing the nineteenth century, sucli 
attempts to visualise the present condition of knowledge as are made 
in our Presidential Addresses are of particular value. It is, therefore, 
hardly necessary for me to apologise for an endeavour tO' place before 
you a statement upon the particular branch of science to which I have 
myself paid special attention ; whatever faults may attend the mode 
of presentation, such a survey ol a specific field of knowledge cannot 
but b© of value to some amongst us. 

I propose to deal to-day with the manner in which our present rather 
detailed knowledge of metallic alloys has been acquired, starting from 
the sparse information which was available thirty or forty years ago ; 
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to show the pitfalls which have been avoided in the theoreticn] inter- 
pretation of the observed facts, and to sketch very briefly tlie pi-esent 
position of our knowledge. 

The production of metals and their alloys undoubtedly constitutes 
tlie oldest of those chemical ails which ultinialely expanded into the 
modern science of chemistry, \Mth all its overwhelming mass of experi- 
mental detail and its intricate interweaving of theoretical interpretation 
of the observed facts. Tubal-Cain lived during the lifetime of our 
common ancestor, and was ‘ an instructor of every artificer in brass 
and iron and although it may he doubted whether llie jihilologists 
have yet satisfactorily determined whether Tnbal-Cain was really 
acquainted wntli the manufacture of such a complex metallic aUoy as 
brass, it is certain that chemical science had its beginnings in the 
reduction of metals from their ores and in the preparation of useful 
alloys from those metals, in fact, metallic alloys, or mixtures of 
metals, have been used by mankind for the manufacture of implements 
ot war and of agiicultnre, of coinage, statuary, cooking vessels, and the 
like from the very earliest times. 

In the course of past ages an immense amount of practical informti- 
lion has been acjumulated concerning methods of reducing metals, or 
mixtures of metals, from their ores, and by subsequent Ireatitient, 
usually by heating and cooling, of ada])ting the resulting metallic 
product to the purpose for wdiich it w^as required. lentil quiio recent 
times, however, the wdrole of this knowledge w’as entirely empirical 
in character, because it liad no foundation m general theoretical prin- 
ciples; it w’as collected in haphazard fashion in accordance wuth tlinl 
method of trial and error wdiich led our forerunners surely, but wuth 
excessive expenditure of time and effort, to valuable results. 

To-day T purpose dealing chiefly with the non-ferrous alloys, nol 
because any essential ditference in tyjie exists betw^een the ferrous and 
non-ferrous alloys, but merely because the whole field presented by thfi 
chemistry of the metals and their alloys is toO' vast to be covered in 
any reasonable length of time. 

The earliest recorded scientific investigations on alloys w'ere made 
in 1722 by Reaumur, wdio employed the microscope to examine the 
fractured surfaces of wdute aud grey cast iron and steel. 

In 1808 ^Yidma^statten cut sections froin meteorites, wdiich lie 
polished and etched. 

The founder, how^e\ier, of modern metallography is undoubtedly 
H. G. Sorby, of Sheffield. Sorby's early petrographic work on the 
examination of thin sections of rock under the microscope^ led him to 
a study of meteorites and of iron and steel, and in a paper read before 
the British Association in 1864 he describes briefly (I quote his own 
words) how' sections ‘ of iron and steel may be prepai’cd for the 
microscope so as to exhibit their structure to a perfection that leaves 
little to he desired. They show’ various mixtures of iron, and two 
or three w’ell-defined compounds of ii’on and carbon, graphite, and 
slag; these constituents being present in different propoiTions and 
arranged in various manners, give rise to a hu’-ge number of varieties 
of iron and steel, differing by w^ell-marked and veiy striking peculiarities 
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of structure. ’ The methods described by Sorby for polishing and 
etching alloys and his method of vertical illumination (afteiinvards 
improved by Beck) are employed to-day by all who work at this branch 
oi metallography. 

The lantern-slides, new shown, were reproduced from his original 
photographs ; they form a lasting memorial to his skill as an investi- 
gator and his ability as a manipulator. In 1887 Dr. Sorby published 
a paper on the microscopical structure of iron and steel in the Journal 
of the Iron and Steel Institute. This masterpiece of clear writing 
and expression, even with our present knowledge, needs but little 
emendation. In this paper he describes Free Iron (ferrite) carbon as 
graphite, the pearly constituent as a very fine laminar structure (pearlitic 
structure), combined iron as the chief constituent of white cast iron 
(cementite), slag inclusions, effect of tempering steel, effect of working 
iron and steel, cementation of wrought iron, and the decarbonisation 
of cast iron by haematite A truly remarkable achievement for one 
man. 

From 1854-68 Mattheisen published in the Beports of the British 
Association and in the Proceedings and Transactions of the Boyal 
Society, a large number of papers on the electrical conductivity, 
tenacity, and specific gravity of pure metals and alloys. He concluded 
that alloys are either mixtures of definite chemical compounds with an 
excess of one or other metal, or solutions of the definite alloy in the 
excess of one of the metals employed, forming, in their solid condition, 
what he called a solidified solution. This idea of a solidified solution 
has developed into a most fruitful theory upon which much of oiir 
modern notions of alloys depends. Although, at the time, the experi- 
ments on the electrical conductivity did not lead to very definite con- 
clusions, the method has since been used with great success in testing 
for the presence of minute quantities of impurities in the copper used 
for conductors. 

In the Philosophical Magazine for 1875, F. Guthrie, in a 
remarkable paper, quite unconnected with alloys, gave an account of 
his experiments on salt solutions and attached water. He was led tO' 
undertake this w^ork by a consideration of a paper by Dr. J. Bea, the 
Arctic explorer, on the comparative saltness of freshly formed and of 
older ice floes. Guthrie showed that the freezing-point of solutions was 
continuously diminished as the percentage of common salt increased, 
and that this lowering increased up to 23.6 per cent, of salt, when the 
solution solidified as a whole at about 22^ 0. He further showed, 
and this is of great importance, that the substaneje which first separated 
from solutions more dilute than 23 6 was pure ice. To the slibstance 
which froze as a whole, giving crystals of the same composition as the 
mother liquor, he gave the name cryohydrate. At the time he thought 
that the cryohydrate of salt containing 23.6 per cent . NaCl and 76.4 per 
cent, of water was a chemical compound 2Na01.21H20. In suc- 
ceeding years he showed that a large number of other salts gave solu- 
tions which behaved in a. similar manner to common salt. He 
abandoned the idea that the oryohydrates were chemical compounds. 

How clear his views were will be seen by quotations from his 
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paper in the Phil. Mag. (5) I. and II., 1S76, in which he states; 
( 1 .) \YheR a solution weaher than the cryohydrate loses heat, ice is 
formed, (ii.) Ice continues to form and the temperature to fail until 
the cryohydrate is reached, (iii ) At the point of saturation ice and 
salt separate simultaneously and the solid and liciuid portions are 
identical in composition. 

These results can be expressed in the form of a simple diagram as 
shown in the slide. 

In a subsequent paper, Phil. Mag. (5) 17, he extends his experi- 
ments to solvents other than water, and states that the substances 
which separate at the lo'west temperature are neither atomic nor mole- 
cular; this lowest melting-point mixture of two bodies lie names I lie 
eutectic mixture In the same paper he details the met hods of obtain- 
ing various eutectic alloys of bismuth, lead, tin, and cadmium. 

We have, in these pa^rers of* Guthrie’s, the first imporlant clue to 
what occurs on cooling a fused mixture of metals. The lesearclies of 
Sorby and Guthrie, undertaken as they were for the sake of investigat- 
ing natural phenomena, are a remarkable example of how purely 
scientific experiment can lead to most important practical results. It is 
not toO' much to claim for these investiigators the honour of being the 
originators of all our modern ideas of metallurgy. Although much 
valuable information had been accumulated, no rapid advance could be 
made until some general theory of solution had been developed. In 
1878 Eaoult first began his work on the depression of the free;^iiig- 
point of solvents due to the addition of dissolved substances, and he 
continued, at frequent intervals, to publish the results of his experi- 
ments up to the time of his death in 1901. He established for organic 
solvents certain general laws: (i.) that for moderate concentrations the 
fall of the freezing-point is proportional to the weight of the dissolved 
substance present in a constant weight of solvent; (ii.) that when the 
falls produced in the same solvent by different dissolved substances are 
compared, it is found that a molecular weight of a dissolved substance 
produces the same fall of the freezing-point, whatever the substance is. 
When, however, he applied the general la.ws which he had established 
for organic solvents to aqueous solutions of inorganic acids, bases, and 
salts, the results obtained were hopelessly discrepant. In a paper in 
(the Zeit. Pliysilml. Ch'eiii. for 1888 on ‘ Osmotic Pressure in the 
analogy between solutions and gase^, Van’t Hoff sho^^ed that the 
experiments of Pfeffer on osmotic pressure could be explained on 
the theory that dissolved substances w^ere, a.t any I’ate for dilute solu- 
tions, in a condition sjpailar to that of a gas ; that they obeyed the laws 
of Boyle, Charles, and Avogadro, and that on this assumption the 
depression of the freezing-point of a solvent could he calculated by 
means of a simple formula. He also showed that the exceptions which 
occurred to EaoulPs laws, when applied to aqueous solutions of 
electrolytes, could be explained by the assumption, hx'st made by 
Arrhenius, that these latter in solution are partly dissociated into their 
ions. The result of all tlris work was to establish a general theory 
applicable to all solutions which has been widespread in its appli- 
cations. It is true that Van’t Hoff’s theory has been violently attacked ; 
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but it enables ns to calculate tho deipression of the freezing-points of a 
large number of solvents. To do this it is necessary to know the latent 
heat of fusion of the pure solvent and the absolute temperature of the 
freezing-point of the solution. That the numbers calculated are in very 
close accord with the experimental values constitutes a strong argu- 
ment in favour of the theor^n From this time the study of alloys 
began to make rapid progress. Laurie (Chem. Soc. Jour. 1888), by 
measuring the potential difference of voltaic cells composed of plates 
of alloy and the more negative element immersed in a solution of a salt 
of one of the component metals, obtained evidence of the existence 
of compounds such as CuZna.CuaSn. In 1889 F. H. Neville and I, 
whilst repeating Raoult’s experiments on the lowering of the freezing- 
point of organic solvents, thought that it was possible that the well- 
known fact that alloys often freeze at a, lo'wer temperature than either 
of their constituents might be explained in a similar way. In a pre- 
liminary note communicated to the Chemical Society on March 21, 
1889, on the same CA’-ening that Professor Ramsay read his paper on the 
molecular weights of metals as determined by the depression of the 
vapour pressure, we showed that the fall produced in the freezing- 
point of tin by dissolving metals in it was for dilute solutions directly 
proportional to the concentration. We also sho-wed that the fall pro- 
duced in the freezing-point of tin by the solution of one atomic weight 
of metal in 100 atomic weights of tin was a constant. 

G. Tannman about the same time (Zeit. Physikal. Chemie, III., 44, 
1889) arrived at a similar conclusion, using mercury as a solvent. 

These experiments helped to establish the similarity between the 
behaviour of metallic solutions or alloys and that of aqueous and other 
solutions of organic compounds in organic solvents. That our expeih- 
ments were correct seemed probable from the agreement between the 
observed depression of the freezing-point and the value calculated from 
Van’t Hoff's formula for the case of those few metals whose latent 
heats of fusion had been determined with any approach to accuracy. 

Our experiments, subsequently extended to other solvents, led to 
the conclusion that in the case of most metals dissolved in tin the 
molecular weight is identical with the atomic weight; in other words, 
that the metals in solution are monatomic. This conclusion, however, 
immlves certain assumptions. Prof. Ramsay’s experiments on the 
lowering of the vapour pressure certain amalgams point to a similar 
conclusion. 

So far our work had been carried out with mercury thermometers, 
standardised against a platinum resistance pyrometer, but it was evident 
that, if it was to be continued, we must have some method of extend- 
ing our experiments to alloys which freeze at high temperatures. The 
thermo couple w^as not at this stage a reliable instrument ; fortunately, 
however, Callendar and Griffiths had brought tO' gi^eat perfection the 
electrical resistance pyrometer (Phil, Trans. A, 1887 and 1891.) Dr. 
S. H. Griffiths kindly came to- our aid, and with his help we installed 
a complete electrical resistance set. As at this time the freezing-points 
of pure substances above 300° were not known wdth any degree of 
accuracy, we began by making these measurements : — 
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Table of Freezing-points. 







Burgess & 






Lg 


Carnelly’s 

Tables 

Holborn 

Callendar 

Neville 

Chatolier, 

— 

& Wien, 
1892 

& Griffiths, 
1892 

& Hey cock, 
1895 

1912. 

High Tem- 
perature 






Measure- 






monts 

Tin .... 





231-7 

231-9 

231-9 

Zinc .... 

433 

— 

417-6 

419-0 

419-4 

Lead .... 

— 

— ■ 

— 

327-6 

1 327-4 

Antimony . 

432 

— 

— 

629-5 

1 630-7 & 

629-2 

Magnesium . 

— 

— 

— 

>632-6 

650 

Aluminium 

700 

— 

— 

‘^654-5 

058 

Silver 

' 954 

968 

i 972 

960-7 

960-9 

Gold .... 

1,045 

1,072 

1,037 

1,061-7 

1,062-4 

Copper 

1,054 

1,082 


1,080-5 

1,083 

Sulphur B.P. 

* 448 

— 

1 444-5:1 j 

— 

444-7 


^ Contaminated with silicon. - Known to be impure. 


With the exception of silver and gold, these metals were the purest 
obtainable in commerce. 

Two facts are evident from the consideration of this table: (a) the 
remarkable accuracy of Gallendar’s formula connecting the Tempera- 
ture Centigrade with the change of resistance of a pure platinum wire ; 
[h) the accuracy of Gallendar and Griffith's detei’niination of the boiling- 
point of sulphur. Although the platinum resistance pyi’ometer had at 
this time only been compared with the air therinorneter up to 600° G., 
it will be noted that the exterpolation from 6lM)° lo nearly 11 (X) wtxs 
justified. 

I cannot leave the subject of high-temperature measurements with- 
out referring to the specially valuable work of Burgess, and also to 
Eza Griffiths’ book on high-temperature measurements, which contains 
an excellent summary of the present state of our knowledge of this 
important subject. 

During the period that the above work on non-ferrous alloys was 
being done, great progress was being mAde in the study of iron and 
steel by Osmond and Ohatelier. In 1890 the Institute of Mwhanical 
Engineers, not apparently without considerable misgivings on the part 
of some of its members, formed an Alloys Hesearch Committee. This 
Committee invited Professor (afterwards Sir William) Boberts- Austen 
to undertake research work for them. The results of his investigations 
are contained in a series of five valuable Beports extending from 1891 
to 1899, published in the Journal of the Institute. The first report 
contained a description of an improved form of the Be Ohatelier record- 
ing pyrometer, and the instrument has since proved a powerful weapon 
of research. In the second report, issued in 1893, the effects on the 
properties of copper of small quantities of arsenic, bismuth, and 
antimony were discussed. Whilst some engineers advocated, others 
as strongly controverted, the beneficial results of small quantities of 
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arsenic on the copper used for the fireboxes of locomotives. The 
report showed that the presence of from *5-1 per cent, of arsenic was 
highly beneficial. The third report dealt with electric welding and 
the production of alloys of iron and aluminium. The fourth report 
is particularly valuable, as it contains a resum4 of the Bakerian Lecture 
given by Eoberts- Austen on the diffusion of metals in the solid state, 
in which he showed that gold, even at as low a temperature as 100°, 
could penetrate into lead, and that iron became carbonised at a low 
led heat by contact with a diamond in a vacuum. In 1899 the fifth 
report appeared on the effects of the addition of carbon to iron. This 
report is of especial importance, because, besides a description of the 
thermal effects produced by carbon, which he carefully plotted and 
photographed, h© described the microscopical appearance of the various 
constituents of iron. The materials of this report, together with the 
work of Osmond and others on steel and iron, provided much of the 
material on which Professor Bakhuis Roozeboom founded the iron 
carbon equilibrium diagram. Befei-ence should alsO' be made to the 
very valuable paper by Stansfield on the present position of the solution 
theory of carbonised iron (Joiirn. Iron and Steel Inst., 11, 1900, 
p, 317). It may be said of this fifth report, and the two papers just 
referred to, that they form the most important contribution to the study 
of iron and steel that has ever been published. Although the diagram 
for the equilibrium of iron and carbon does not represent the whole 
of the facts, it affords the most important clue to these alloys, and 
undoubtedly forms the basis of most of the modern practice of steel 
manufacture. (Slide showing hon carbon diagram.) 

Many workers, both at home and abroad, were now actively engaged 
in metallurgical work — Stead, Osmond, Le Chatelier, Arnold, Hadfield, 
Carpenter, Ewing, Eosenhain, and others toO' numerous tO' mention. 

In 1897 Neville and 1 determined the complete freezing-point curve 
of the copper- tin alloys, confirming and extending the work of Boberts- 
Austen, Stansfield, and Le Chatelier; but the real meaning of the 
curve remained as much of a mystery as ever. Early in 1900 Sir G. 
Stokes suggested tO' us that we should make a microscopic examination 
of a few bronzes as an aid tO' the interpretation of the singularities 
of the freezing-point curve. An account of this work, wdiich occupied 
us for more than two years, was published as the Bakerian Lecture 
of the Boyal Society in February 1903. Whilst preparing a number 
ol copper-tin alloys of known composition we were struck by the fact 
that the crystalline pattern which developed on the free surface of the 
slowly cooled alloys was entirely unlike the structure developed by 
polishing and etching sections cut from the interior; it therefore 
appeared probable that changes were going on within the alloys as 
tJaey cooled. In the hope that, as Sorby had shown in the case of 
steel, we could stereotype or fix the change by sudden cooling, we 
melted small ingots of the copper-tin alloys and slowly cooled them 
to selected temperatures and then suddenly chilled them in water. The 
results of this treatment were communicated to the Eoyal Society and 
published in the Proceedings, February 1901. (Slides showing effects 
of chilling alloys.) 
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To apply this method to a selected alloy we first determined its 
cooling curve by means of an automatic recorder, the curve usually 
showing several halts or steps in ih The temperature of the highest 
of these steps corresponded with a point on the liquidus, i.e., when 
solid first separated out from the molten mass. To ascertain what 
occurred at the subsequent halls, ingots of the melted alloy were sloviy 
cooled to within a few degrees above and below the halt and then 
chilled, with the result just seen on the screen. 

The method of chilling also' enabled us lo fix, with some degree 
ot accuracy, the position of points on the solidus. If an alloy, chilled 
when it is partly solid and partly liquid, is polished and etcheil, it 
will be seen to consist of large primary combs embedded in a matrix 
consisting of mother liquor, in which are disseminated numerous small 
combs, which we called ‘ chilled primary." By repeating the process 
at successively lower and lower temperatures we obtained a point at 
which the chilled primary no longer fonned, i.e., the upper limit of 
the solidus. 

Although we made but lew determinations of the physical properties 
of the alloys, it is needless to say how much they vary with the 
temperature and with the rapidity with v'hich they are heated or cooled. 

Prom a consideration of the singularities in the liquidus curve, 
coupled with the microscopic examination of .slowly cooled and chilled 
alloys, we were able to divide the copper-tin alloys into certain groups 
having special qualities. It would take far too long to discuss these 
divisions. In interpreting oiir result we w’ere greatly assisted not only 
by the application of the jihase rule, but also by the a])plication of 
Roozeboom’s theory of solid solution (unfortunately Professor Booze- 
boom’s letters were destroyed by fire in June 1910) and by the advice 
he kindly gave us. At the time the paper w'as published \vq expressly 
stated that we did not regard all our results as final, as inucli more 
work was required to clear up points still obscure. Other Nvorkers — 
Shepherd and Blough, Giolitti and Tavanti — have somewhat modified 
the diagram. (Slides shown.) 

Neither Shepherd and Blough nor Hoyt have published the jihoto- 
micrographs upon which their results are based, so that it is impos- 
sible to criticise their conclusions. Giolitti and Tavanti have published 
some microphotographs, from wRich it seems that they had not allc>wecl 
sufficient time for equilibrium to be established. In this connection I 
must call attention to the excellent work of ITaughton on tlie con- 
stitution of the alloys of copper and tin (Jonrn. Instihife of Metals, 
March 1915). He investigated the alloys rich in tin, and illustrated 
his conclusions by singularly beautiful microphotographs, and has done 
much to clear up doubtful points in this region of the diagram. I 
have dwelt at some length on this work, for copper-tin is probably the 
first of the binary alloys on which an attempt had been made t.o 
determine the changes wffiioh take place in passing from one pure 
constituent to the other. I would again call attention to the fact that 
without a working theory of solution the interpretation of the result.s 
would have been impossible. 

Since 1900, many complete equilibrium diagrams have been pub- 
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I'slied; amongst them may be mentioned the work of Eosenhain and 
Tucker on the lead-tin alloys {Phil. Trans., 1908), in which they describe 
liitherto unsuspected changes on the lead inch side which go on when 
liiese alloys are at quite low temperatures, also the constitution of the 
allo^^s of aluminium and zinc ; the work of Eosenhain and Archbutt 
{Phil. Trans., 1911), and quite recently the excellent work of Yivian, 
on the alloys of tin and phosphorus, which has thrown an entirely 
new light on this difficalt subject. 

So far I have called attention to some of the difficulties encountered 
in the examination of binary alloys. When we come to ternary alloys 
the difficulties of carrying out an investigation are enormously increased, 
whilst with quaternary alloys they seem almost insurmountable; in the 
case of steels containing always six, and usually more, constituents, we 
can only hope to get information by purely empirical methods. 

Large numbers of the elements and their compounds which originally 
were laboriously prepared and investigated in the laboratory and 
remained dormant as chemical curiosities for many years have, in the 
fulness of time, taken their places as important and, indeed, essential 
articles of commerce. Passing over the difficulties encountered by 
Davy in the preparation of metallic sodium and by Faraday in the 
production of benzene (both of which materials are manufactured in 
enormous quantities at the present time), I may remark that even 
during my own lifetime I have seen a vast number of substances trans- 
ferred from the category of rare laboratory products to that which 
comprises materials of the utmost importance to the modem metal- 
lurgical industries. A few’ decades ago, aluminium, chromium, cerium, 
thorium, tungsten, manganese, magnesium, molybdenum, nickel, 
calcium and calcium carbide, carborundum, and acetylene, w^ere un- 
knowm outside the chemical laboratory of the purely scientific investi- 
gator; to-day these elements, their compounds and alloys, are 
amongst the most valuable of our industrial metallic products. They 
are essential in the manufacture of high-speed steels, of armour plate, 
of filaments for the electric bulb lamp, of incandescent ga.s mantles, and 
of countless other products of modern scientific industry. 

All these metallic elements and compounds were discovered, a.nd 
their industrial uses foreshadowed, during the course of the purely 
academic research work carried out in our Universities and Colleges ; all 
have become the materials upon which great and lucrative industries 
have been built up. Although the scientific worker has certainly not ex- 
hibited any cupidity in the past — although he has been content to rejoice 
in his own contributions to knowledge, and to see great manufacturing 
enterprises founded upon his work — it is clear that the obligation 
devolves upon those who have reaped in the world’s markets the fruit 
of scientific discovery to provide from their ha,rvest the financial aid 
without which scientific research cannot be continued. 

The truth of this statement is well understood by those of our great 
industrial leaders who are engaged in translating the results of scientific 
research into technical practice. As evidence of this I may quote the 
magnificent donation of 210,'OOOJ. by the British Oil Companies towards 
the endowment of the school of Chemistry in the University of Cam- 
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bridge, the noble bequest O'f the late Dr. Messel, one of the most en- 
lightened of our technical chemists, for defraying the cost of scientific 
research, the gifts of the late Dr. Ludwig Mond towards the upkeep 
and expansion of the Boyai Institution, one of the strongholds of British 
chemical i-esearch, and the financial support given by the Goldsmiths’ 
and others of the great City of London Livery Companies (initiated 
largely by the late Sir Frederick Abel, Sir Frederick Bramwell, and 
Mr. George Matthey), to the foundation of the Imperial College of 
Science and Technology. The men who initialed these gifts ha^e lieen 
themselves intimately associated with developments both in science 
and industry; they have understood that the field must be prepared 
before the crop can be reaped. Fortunately our great chemical indus- 
tries are, for the most part, controlled and administered by men fully 
conversant with the mode in which technical progress and prosperity 
follow upon scientific achievement; and it is my pleasa.nt duty tO' recoad 
that within the last few weeks the directors of one of our greatest 
chemical-manufacturing concerns have, with the consent of their 
shareholders, devoted £100,000 to research. Doubtless other chemical 
industries will in due course realise what they have to gain ])y an ade- 
quate appreciation of pure science. 

If the effort now being made to establish a comprehensive schenu’ 
for the resuscitation of chemical industry within our Empire is io 
succeed, financial support on a very liberal scale must be forthcoming, 
from the industry itself, for the advancement of purely scientific 
research. This question has been treated recently in so able a fashion 
by Lord Moulton that nothing now remains but to await the results of 
his appeal for funds in aid of the advancement of pure science. 

In order to prevent disappointment, and a possible reaction in the 
future, in those who endow pure research, it is necessary to give a word 
of warning. It must be remembered that the history of science abounds 
in illustrations of discoveries, regarded at the time as trivial which have 
in after years become epoch-making. 

In illustration I would cite Faraday’s discovery of electro-magnetic 
induction. He found that when a bar magnet was thrust into the 
core of a bobbin of insulated copper wire, whose terminals were con- 
nected with a galvanometer, a momentary current was piodnced ; 
whilst on withdrawing the ma.gnet a momentary reverse current 
occurred; a purely scientific experiment destined in latter years to 
develop into the dynamo and with it the whole electrical industry. 
Another illustration may be given: Guyton de Morvean, Northmore, 
Davy, Faraday and Gagniard Latour between 3 BOO and 1850 were 
engaged in liquefying many of the gases. Hydrogen, oxygen, nitrogen, 
marsh gas, carbon-monoxide, and nitric oxide, however, resisted all 
e^orts, until the work of Joule and Andrews gave the clue to the causes 
of failure. Some thirty years later by careful application of the 
theoretical considerations all the gases were liquefied. The liquefaction 
of oxygen and nitrogen now forms the basis of a very large and 
important industry. 

^ Buch cases can be* multiplied indefinitely in all branches of 
science. 
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Perhaps the most pressing need ot the i^resent day lies in the 
cultivation of a better understanding between oui great masters of 
productive industry, the shareholders to w’honi they are in the firsl 
degree responsible, and oui- scientific woikeis; if, bv leason of any 
turbidity of vision, our large manufactniing corpoiations fail to discern 
that, in their own interest, the financial siijDport of purely scientific 
research should be one of their first cares, technical advance will slacken 
and othei nations, adopting a more far-sighted policy, w^ill forge ahead 
in science and technology It should, I venture to think, be the 
boiinden duty of everyone wdio has at heart the aims and objects ol 
the British Association to pieach the doctrine that in closer sympathv 
between all classes of productive laboui, manual ancl intellectual, lies 
our only hope for the future I cannot do better than conclude by 
quoting the w’ords of Pope, one of our most characteiistically British 
poets : 

‘ By mutual confidence and mutual aid 
Great deeds ai'e done and great discoveiies made 
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PRESIDENT OP THE SECTION. 

FOSSILS AND LIFE. 

Op the many distinguished men who have preceded me m this chair 
only eight can be described as essentially palaeontologists ; and among 
them few seized the occasion to expound the broader principles O'f their 
science. I propose, then, to consider the Relations of Palaeontology to 
the other Natural Sciences, especially the Biological, tO' discuss its 
j)articular contribution to biological thought, and to inquire whether its 
facts justify certain hypotheses frequently put forward in its name. 
Several of those hypotheses were presented to you in his usual masterly 
manner by Dr. Smith Woodward in 1909, and yet others are clearly 
elucidated in two Introductions to Palaeontology which we have recently 
delighted to welcome as British products : the books by Dr. Morley 
Davies and Dr. H. D. Hawkins. If I subject those attractive specula- 
tions to cold analysis it is from no' want of admiration or even sympathy, 
lor in younger days I too have sported with Vitalism in the shade 
and been caught in the tangles of Transcendental hair. 

The Differentia of Palaeontology. 

Like Botany and Zoology, Palaeontology describes the external 
and internal form and structure of animals and plants ; and on this 
description it bases, first, a systematio classification of its material; 
secondly, those broader inductions oi comparative anatoiny which con- 
stitute moiqihology, or the science of form. Arising out of these studies 
are the questions of relation — real or apparent kinship, lines of descent, 
the how and the why oI evolution — the answers to which reflect their 
light back on our moiq^hological and classificatory systems. B'V a 
different approach we map the geographical distribution of genera and 
species, thus helping tO' elucidate changes of land and sea, and so barring 
out one hypothesis of racial descent or unlocking the door to another. 
Again, we study collective faunas and floras, unravelling the interplay 
of their component animals and plants, or inferring from each assem- 
blage the climatic and other physical agents that favoured, selected, and 
delimited it. 
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All this, it may be said, is nothing more than the Botany and 
Zoology of the past. True, the general absence of any soft 1, issues, and 
the obscured or fragmentary condition of those harder parts which alone 
are preserved, mahe the studies ol the palaeontologist more difficult, and 
drive him to special methods. But the result is less com^d-ete : in short, 
an inferior and unattractive branch of Biology. Bet us relegate it to 
Section C ! 

Certainly the relation of Palaeontology to Geology is obvious. It is 
a part of that general history of the Barth which is Geology. And it is 
an essential part even of physical geology, for without life not merely 
would our series of strata have lacked the coal measures, the mountain 
limestones, the chalks, and the siliceous earths, but the changes of land 
and sea would have been far other To the scientific interpreter of 
Earth-history, the importance of fossils lies first in their value as date- 
markers ; secondly, in the light which they cast on barriers and currents, 
on seasonal and climatic variation. Conversely, the histoiy of life has 
itself been influenced by geologic change. But all this is just as true of 
the present inliabitants of the globe as it is of their predecessors. It 
does not give the dijferentia of Palaeontology. 

Thai which above all distinguishes Palaeontology — the study of 
ancient creatures, from Neontology — the study of creatures now living, 
that which raises it above the mere description of extinct assemblages of 
life-forms, is the concept of Time. Not the quasi-absolute time of the 
clock, or rather of the sun; not various unrelated durations; but an 
orderly and related succession, coextensive, in theory at least, with 
the whole history of life on this planet. The bearing of this obvious 
statement whll appear from one or two simple illusti-ations. 

Fjffect of the Tune-concept on Principle,^ of Classification . 

Adopting the well-tried metaphor, let us imagine the tree of life 
biiried, except for its topmost twigs, beneath a sand-dune. The neontolo- 
gist sees only the unburied twigs. He recognises certain rough group- 
ings, and constructs a classification accordingly. From various hints 
he may shrewdly infer that some twigs come from one branch, some 
from another; but the relations of the branches to the main stem are 
matters of speculation, and when branches have become so interlaced 
that their twigs have long been subjected to the same external influences, 
he will probably be led to incorrect conclusions. The palaeontologisi^ 
then^ comes, shovels away the sand, and by degrees exposes the true 
relations of branches and twigs. His work is not yet accornplislied, and 
probably he never will reveal the root and lower ‘ part of the tree; but 
already he has corrected many natural, if not inevitable, errors of the 
neontologist. 

I could easily occupy the rest of this hour by discussing the pro- 
found changes wrought by this conception on our classification. It is 
not that Orders and Glasses hitherto unknown have been discovered, 
not that some erroneous allocations have been corrected, but the whole 
basis of our system is being shifted. So long as we were dealing with 
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a horizontal section across the tree of life — that is to say, with an assem- 
]’)lage of approximately contemporaneous forms — or even with a number 
of such horizontal sections, so long were we confined to simple descrip- 
tion. Any attempt to frame a causal connection was bound to be 
speculative. Certain relations of structure, as of cloven hooves with 
horns and with a ruminant stomach, were observed , but, as Cuvier him- 
self insisted, the laws based on such facts were purely empirical. 
TTuxlev, then, was justified in maintaining, as he did in 1863 and for 
long after, that a zoological classification could be based with profit on 
' purely structural considerations ’ alone. ' Eve^ry group in that [kind 
ofl classification is such in virtue of certain structural characters, which 
nre not only common tO' the members of that group, but distinguish it 
from all others ; and the statement ol these constitutes the definition of 
the grO'up.* Tn such a classification the groups or categories — from 
species and genera up to phyla — are the expressions of an arbitrary in- 
lollcctnal decision. Prom Linnaeus downwards botanists and zoologists 
have sought for a classification that should be not arbitrary but natural, 
though what thev meant hv ' natural ’ neither Linnaeus nor his succes- 
sors either could or would say. Not, that is, until the doctrine of 
descent was firmly established, and even now its application remains 
impracticable, except in those cases where sufficient proof of genetic 
connection has been furnished — as it has been mainly by palaeontology. 
In many cases we now perceive the causal connection ; and we recognise 
that our groupings, so far as they follow the blood -red clue, are not 
arbitrary but tables of natural affinity. 

Fresh difficulties, however, arise. Consider the branching of a tree. 
It is easy to distinguish the twigs and the branches each from each, 
but where are we to draw the line along each ascending stem? To con- 
vey the new conception of change in time we must introduce a new set 
of systematic categories, called grades or series, keeping our old cate- 
gories of families, orders, and Ihe like for the vertical divisions between 
the branches Thus, many crinoids with pinnulate arms arose from 
others in which the arms were non-pinnulate. We cannot place them 
in an Order by themselves, because the ancestors belonged to two or 
three Orders. We must keep them in the same 'Orders as their respec- 
tive ancestors, but distinguish a Grade Pinnata from a- Grade Impin- 
nata,. 

This sounds fairly simple, and for the larger groups so it is. But 
when we consider the genus, we are met with the difficulty that many 
of our existing genera represent grades of structure affecting a number 
of species, and several of those species can be traced back through 
previous grades. This has long been recognised, biit T take a modern 
instance from IT. F. Osborn’s * Eqnidoe ’ flf^l^, Mem. Amer. Mns. 
N.TT., n.s. IT. 51): 'The line between such species as Miohippuf; 
(MoRoliivpn^) wpffivlophufi and M. hrachvfitylus of the Leptauchenia 
zone and M . (Mesohippus) vitp.rinpdivfi of the Protoceras zone is purely 
arbitrary. It is obvious that members of more than one phylum [i.e., 
lineagel are passing from one genus into the next, and Me^>ohippu<i 
rnflteidnphns and M. hrarliyafyhifi may with equal consistency ho 
refened to Midhippii!^^ 

o 2 
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The problem is reduced to its simplest elements in the following 
scheme : — 

abcdef Italics, 

a b c d e f Lower-case Eomans 

ABCDEF Capital Eomans. 

a j3 y B € Greeh. 

Our genera are equivalent to the forms of letters: Italics, Eoman, 
Greek, and so forth. The successive species are the letters themselves. 
Are we to make each species a genus? Or would it not be bettor to 
confess that here, as in the case ol many larger gi’oiips, our basis of 
classification iswi’ong? For the palaeontologist, at any rate, the lineage 
a, A, a, a, is the all-important concept. Between these forms he finds 
every gradation ; but between a and h he perceives no connection. 

in the old classification the vertical divisions either were arbitrary, 
or were gaps due to ignorance. We are gradually substituting a 
classification in which the vertical divisions are based on knO’\\Iodge, 
and the horizontal divisions, though in some degree a}hitrary, ofien 
coincide with relatively sudden or physiologically important changes of 
form. 

This brings us to the last point, of contrast. Our definitions can 
no longer have the rigid character emphasised by Huxley. They are 
no longer purely descriptive. When it devolved on me i,o draw up 
a definition of the great group Eohinoderma, a definition that should 
include all the fossils, I found that scarcely a character given in the 
fextbooks could certainly be predicated of every member of the group. 
The answer to the question, ' What is an Echinoderm? ’ (and you may 
substitute Mollusc, or Vertebrate, or what name you jfiease) has io 
be of this nature: An Echinoderm is an animal descended from an 
ancestor possessed of such-a.nd-such characters differentiating it horn 
other animal forms, and it still retains the imprint of that ancestor, 
though modified and obscured in various ways according to the class, 
order, family, and genus to which it belongs. The definitions given 
by Professor Charles Schuchert in his classification of the Brachiopoda 
fl913, Eastman * Zittel ’) represent an interesting attempt fo pnt 
these principles into practice. The Family Poramlx>nitidae, for instance, 
is thus defined: * Derived font of Rvntrophudaeh progressive, semi- 
rostrate Pentamerids, with the deltidia and chilidia vanishing more 
and more in time. Spondylia and cniralia present, bul the former 
tends to thicken and unite with the ventral valve.* 

The old' form of diagnosis was per genifu et diffp^rentiain . The new 
form is per proavum et' modificai.iomem. 

Even the conception of our fundamental unit, the species, is in- 
secure owing to the discovery of gradual changes. Bnt this is a 
difficulty which the palaeontologist shares with the neontologisf . 

Let us consider another way in which the time-concept has affected 
biology. 

Effect of the Time-concept on Ideas of Belationship. 

Etienne Geoffrey- Saint Hilaire was the first to compare the embryonic 
stages of certain animals with the adult stages of animals considered 
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inienor. 'I'lirougn tne more precise observations of Von JbJaer, Xjouis 
Agassiz, and others, the idea grew until it was crystallised by the 
poetic imagination of Haeckel in his fundamental law ol the reproduction 
of life — namely, that every creature tends in the course of its individual 
development to pass through stages similar to those passed through 
in the history of its race. This principle is of value if applied with 
the necessary safeguards. If it was ever brought into disrepute, it 
was owing to the reckless enthusiasm of some embryologists, who 
unwarrantably extended the statement to all shapes and structures 
observed in the developing animal, such as those evoked by special 
conditions of larval existence, sometimes forgetting that every con- 
ceivable ancestor must at least have been capable of earning its own 
livelihood. Or, again, they compared the early stages of an individual 
with the adult structure of its contemporaries instead of with that of 
its predecessors in time. Often, too, the searcher into the embryology 
of creatures now living was forced to study some form that really was 
highly specialised, such as the unstalked Crinoid Antedoriy and he 
made matters worse by comparing its larvae with forms far too remote 
in time. Allman, for instance, thought he saw in the developing 
Aiiiedon a Oystid stage, and so the Oystids were regarded as the ancestors 
of the Orinoids ; but we now find that stage more closely paralleled 
in some Orinoids of Carboniferous and Permian age, and we realise 
that the Oystid structure is quite different. 

Such errors were due to the ignoring of time relations or to lack 
of acquaintance with extinct forms, and were beautifully illustrated 
in those phylogenetic trees which, in the ’eighties, eveiy dissector of 
a new or striking animal thought it his duty to plant at the end of 
his paper. The trees have withered, because they were not rooted in 
the past. 

A similar mistake was made by the palaeontologist who, happening 
on a new fossil, blazoned it forth as a link between groups previously 
unconnected — and in too many cases unconnected still. This action, 
natural and even justifiable under the old purely descriptive system, 
became fallacious when descent was taken as the basis. In those days 
one heard much of generalised types, especially among the older fossils ; 
animals were supposed to combine tbe features of two or three classes. 
This mode of thought is not quite extinct, for in the last American 
edition of Zittel’s ‘ Palaeontology ’ Stephanocrmus is still spoken of as 
a Grinoid related to the Blastoids, if not also to the Oystids. Let it 
be clear that these so-called ' generalised ’ or ‘ annectant ’ types are 
not regarded by their expositors as ancestral. Of course, a genus 
existing at a certain period may give rise to two dilferent genera of a 
succeeding period, as possibly the Devonian Coelocrinus evolved into 
AgaricocrinuSy with concave base, and into Dorycrinus, with convex 
base, both Carboniferous genera. But, to exemplify the kind of state- 
naent here criticised, perhaps I may quote from another distinguished 
writer of the present century : ‘ The new genus is a truly annectant 
form uniting the Melocrinidae and the Platycrinidae. ’ Now the genus 
in question appeared, so far as we know, rather late in the Lower 
Carboniferous, whereas both Platycrinidae and Melocrinidae were already 
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established in Middle Silurian Uiue. How is it possible that the far 
later form should unite these two ancient lamilies Even a m^sallicmce 
IS inconceivable, in a word, to describe any such lorins as ‘ annectant ’ 
IS not merely to mismterpret structure but to ignore tune. 

AS bold suggestions calling lor subsequent prool these speculations 
had their value, and they may be forgiven in the iieontologist, il not 
m the palaeontologist, if we regard them as erratic pioneer ti'acks blazed 
through a tangled iorest. As our acquaintance with fossils enlarged, 
the general direction became clearer, and certain paths were seen to 
be impossible, in idbl, addressing tins Association at l"ork, Huxley 
could say : ‘ Fifty years hence, whoever undertakes to record tho 
progress oi palaeontology will note the present tune as the epoch in 
which the law oi succession of the forms of the higher animals was 
aetermined by the observation of palaeontological facis. He will point 
out that, just as Bteno and as Cuvier were enabled from their knowledge 
of the empirical laws of co-exislence of the parts of animals to conclude 
from a part to a whole, so the knowledge of the law of succession oJ 
forms empowered their successors to conclude, from one or two terms 
of such a succession, to the whole series, and thus to divine the existence 
of forms of life, of which, perhaps, no trace remains, at epochs ol 
inconceivable remoteness in the past. ’ 

Desicent Not a Corollary oj Succession. 

JMote that Huxley spoke of succession, not of descent. Succession 
undoubtedly was recognised, but the relation between the terms of the 
succession was little understood, and there was no proof of doscenl. 
Let us suppose all written records to be swept away, and an attempt 
made to reconstruct English history from coins. We could set out our 
monarchs in true order, and we might suspect that the throne was 
hereditary; but if on that assumption we were to- make James i. the 
son of Elizabeth — well, but that’s just what palaeontologists are con- 
stantly doing. The famous diagram of the Evolution of the Horse winch 
Huxley used in his American lectures has had to be corrected in the 
light of the fuller evidence recently tabulated in a handsome volume 
by Professor H. F. Osborn and his coadjutors. Palaeotherimn, which 
Huxley regarded as a direct ancestor of the horse, is now hold to be 
only a collateral, as tbe last of the Tudors were collateral ancestors 
of the Stuarts. The later Ayichitherium must be eliminated from the 
true line as a side-branch — a Young Pi’etonder. Sometimes an apparent 
succession is due to immigration of a distant relative from some other 
region — ' The glorious House of Hanover and Protestant Succession.’ 
It was, you will remember, by such migrations that Cuvier explaineti 
the pnewal of life when a previous fauna had become extinct, lie 
admitted succession but not descent. If he rejected special creation, 
he did not accept evolution. 

Descent, then, is not a corollary of succession. Or, lo broaden the 
statement, history is not the same as evolution. History is a succession 
of events. Evolution means that each event has sprung from the pre- 
ceding one. Not that the preceding event was the active cause of its 
successor, but that it was a necessary condition of it. For the evolu- 
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t ionary biologist, a species contains in itself and its environment the 
possibility of producing its successor. The words * its environment ’ 
are necessary, because a living organism cannot Be conceived apart 
from its environment. They are important, because they exclude from 
tlie idea of organic evolution the hypothesis that all subsequent forms 
were implicit in the primordial protoplast alone, and were manifested 
either through a series of degradatio*ns, as when Thorium by successive 
disintegrations transmutes itself to Lead, or through fresh develop- 
ments due to the successive loss of inhibiting factors. I say ‘ a species 
contains the possibility ’ rather than ‘ the potentiality,’ because we 
cannot start by assuming any kind of innate power. 

Huxley, then, forty years ago, claimed that palaeontologists had 
j)roved an orderly succession. To-day we claim to have proved evolution 
by descent. But how' do we prove it? The neontologist, for all his 
experimental breeding, has scarcely demonstrated the transmutation 
of a species. The palaeontologist cannot assist at even a single birth, 
'khe evidence remains circumstantial. 

Recdpitvlaiion as> Proof of Descent. 

Circumstantial evidence is convincing only if inexplicable on any 
other admissible theory. Such evidence is, I believe, a:fforded by 
palaeontological instances of Haeckel’s law — i.e., the recapitulation by 
an individual during its growth of stages a.ttained by adults in the 
previous history of the race. You all know how this has been applied 
to the ammonites ; but any creatures with a shell or skeleton that grows 
by successive additions and retains the earlier stages unaltered can be 
studied by this method. If we take a chronological series of apparently 
related species or mutations, a^, a^, a^, a^, and if in a.^ we find that 
the growth stage immediately preceding the adult’ resembles the adult 
a'*, and that the next preceding stage resembles a^, and so on; if this 
applies m'liiatis mutandis to the other species of the series; and if, 
further, the old age of each species foreshado\vs the adult character 
of its successor; then we are entitled to infer that the relation between 
ihe species is one of descent. Mistakes are liable to occur for various 
reasons, which w^e ai'e learning to guard against. For example, the 
perennial desire of youth to attain a semblance of maturity leads often 
to the omission of some steps in the orderly process. But this and 
other eccentricities affect the earlier rather than the later stages, so 
that it is always possible tO' identify the immediate ancestor, if it can 
be found Here we have to remember that the ancestor may not have 
lived in the same locality, and that therefore a single cliff-section does 
not always provide a complete or simple series. An admirable example 
of the successful search for a father is provided by B. G. Carruthers 
in his paper on the evolution of Za/phrentis delanouei (1910, Quart. 
Journ. GeoL Sac.^ Ixvi., 5'23). Surely when we get a clear case of 
this kind we are entitled to use the word * proof,’ and to say that we 
have not merely observed the succession, but have proved the filiation. 

It has, indeed, been objected to the theory of recapitulation that 
the stages of individual growth are an inevitable consequence of an 

0 3 



8 


SECTIONAL ADDBESSBS. 


animal’s gradual development, from the embryo to the adult, and there- 
fore prove nothing. Even now there are those who maintain that the 
continuity of the germ-plasm is inconsistent with any true recapitula- 
lio-n. Let us try to see what this means. Take any evolutionary series, 
and consider the germ-plasm at a.ny early stage in it. The germ, it is 
claimed, contains the factors which produce the adult characters of that 
stage. Now proceed to the next stage of evolution. The germ has 
either altered or it has not. If it has not altered, the new adult 
characters are due to something outside the germ, to factors which may 
be in the environment hut are not in the germ. In this case the animal 
must be driven by the inherited factors to reproduce the ancestral foian ; 
the modifications due to other factors will come in on the top of this, 
and if they come in gradually and in the later stages of growth, then 
there will be recapitulation. There does not seem to be any dilficnlty 
here. You may deny the term 'character’ lo' these modifications, and 
you may sa 3 ^ that they are not really inherited, that they will disappear 
entirely if the environment reverts to its original co'iidition. Riich lan- 
guage, however, does not alter the fact, and when we pass to suhsequciui 
stages of evolution and find the process repeated, and the recapitulation 
becoming longer, then you will be hard put to it to imagine that the 
new environment produces first the effects of the old and then its own 
particular effect. 

Even if we do suppose that the successive changes in, say, an 
ammonite as it passes from youth to age are adaptations to successive 
environments, this must mean that there is a rec4ip it illation of environ- 
ment. It is an explanation of structural recapitulation, ])ui the fad 
remains. There is no difficulty in supposing an individual to pass 
through the same succession of environmeni.s ns wei'e encountered in 
the past history of its race. Every common frog is an instance. The 
phenomenon is of the same nature as the devious route followed in iheir 
migrations by certain birds, a route only to be explained as the repetition 
of past history. There are, however, many cases, especially among 
sedentary organisms, which cannot readily be explained in this way. 

Let us then examine the other alternative and suppose that every 
evolutionary change is due to a. change in the germ — how' produced we 
need not now inquire. Then, presumably, it is claimed that at eneh 
stage of evolution the animal will grow" toom the egg to the adult along 
a direct path. For present purposes ignore purely larval modifications, 
and admit that the claim appears reasona-hle. The trouble is llial it 
does not harmonise with facts. The progress from youth to age is not 
always a simple advance. The creature seems to go out of its way to 
drag in a growth-stage that is out of the straight road, and can bo ex- 
plained only by the fact that it is inherited from an ancestor. Thus, 
large ammonites of the Xipheroceras planhosta group, beginning 
sm.ooth, pass through a ribb^ stage, which may be omitted, through 
unitoberculate and bituberoulate stages, back to ribbed and smooth 
again. The anal plate of tHe larval Antedort, which ends its course 
and finally disappears above the limits of the cup, begins life in that 
lower position which the similar plate occupied in most of the older 
crinoids. 
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Here, then, is a. difficulty. It can be overcome in two ways. A 
view held by many is that there are two kinds of characters : first, those 
that arise from changes in the germ, and appear as sudden or discon- 
tinuons variations; second, those that are due to external (i e., non- 
germinal) factors. It seems a corollary of this view that the external 
characters should so affect the germ-plasm as ultimatelv to produce in 
it the appropriate factors. This is inheritance of acquired characters 
The other way out of the difficulty is to suppose that all characters 
other than fluctuations or temporary modifications are germinal ; that 
changes are due solely to changes in the constitution of the germ ; and 
that, although a new character may not manifest itself till the creature 
has reached old age, nevertheless it was inherent in the germ and latent 
through the earlier growth -stages This second hypothesis involves 
two further difficnlties It is not easy to formulate a mechanisna by 
which a. change in the constitution of the germ shall produce a. character 
of which no trace can he detected until old age sets in : such a character, 
for instance, as the tuberculation of the last-formed portion of an 
amraonite shell. Again, it is generally maintained that characters due 
to this change of germinal factors, however minute they may he, make 
a sudden appearance. They are said to be discontinuous. They act 
as integral units. Now the characters we are trying to explain seem 
to us palaeontologists to appear very gradually, both in the individual 
and in the race. Their beginnings are small, scarcely perceptible : they 
increase gradually in size or strength; and gradually they appear at 
earlier and earlier stages in the life-cycle. It appears least difficult to 
suppose that characters of this kind are not initiated in the germ, and 
that they, if no others, may be subiect to recapitulation. It may not 
yet be possible to visualise the whole process by which such characters 
are gradnally established, or to' refer the phenomena of recapitulation 
hack to more fundamental principles. But the phenomena are there, 
and if any hypothesis is opposed tO' them so- much the worse for the 
hypothesis. However they be explained, the instances of recapitula- 
tion afford convincing proof of descent, and so of genetic evolution. 

The * Line upon Line * Method of Palaeontology 
You will have observed that the precise methods of tHe modern 
palaeontologist, on which this proof is based, are very d,ifferent from the 
slap -dash conclusions of forty years agO' The discovery of Archae- 
opterifx, for instance, was thought to prove the evolution of Birds from 
Beptiles. Noi doubt it renderecl that conclusion extremely probable, 
especially if the major premiss — that evolution was the method of 
nature — ^were assumed. But the fact of evolution is precisely what 
men were then trying to prove. These jumpings from Class to Class 
or from Era to Era, bv aid of a few isolated stepping-stones, were what 
Bacon calls Anticipations, ‘ hasty and premature ’ but ‘ very effective, 
because as they are collected from a few instances, and mostly from 
those which are of familiar occurrence, they immediately dazzle the 
intellect and fill the imagination * (Nov. Org T. 28). No secure step 
was taken until the modern palaeontologist began to affiliate mutation 
with mutation and species with species, working his way back, literally 

C 4 



10 


SECTIONAIi ADDRESS J5N, 


incli by inch, through a single small group of strata. Only thus could 
he base on the laboriously collected facts a. single true Interpretation ; 
and to those who preferred the broad path ol generality bis Interpreta- 
tions seemed, as Bacon says thej?’ always * must seem, harsh and 
discordant — almost like mysteries of faith.’ 

It is impossible to rend these words without thinking of one 
‘naturae minister et interpres,’ whose genius was the first in this 
country to appreciate and apply to palaeontology the Novum Organon. 
Devoting his whole life to ahstruse research, he has persevered with 
this method in the face of distrust and has produced a series of hrillinnt 
studies which, whatever their defects, have illuminated the problems of 
stratigraphy and gone far to revolutionise systematic palaeontology. 
Many are the workers of to-day who acknowledge a master in Sydney 
Savory Buckman. 

I have long believed that the only safe mode of advance in palae- 
ontology is that which Bacon counselled and Buckman has practised, 
namely, ‘ uniformly and step hy step.’ Was this not indeed ihe prin- 
ciple that guided Linnaeus himself? Not till we have linked species 
into lineages, can we group them into genera; not till we have un- 
ravelled the strands by which genus is connected with genus can we 
draw the limits of families. Not till that has been accomplished can 
we see how the lines of descent diverge or converge, so as to warraut 
the establishment of Orders. Thus by degi'ees we reject the old slippery 
stepping-stones that so often toppled us into the stream, and foot hy foot 
we build a secure bridge over the waters ol ignorance. 

The work is slow, for the material is not always to hand, hut as we 
build we learn fresh pnnciples and test our current hypnt hoses. To 
some of these T would now direct your attention. 

Continuity in Development. 

Let us look first at this question of continuity. Does an evolving 
line change by discontinuous steps (saltations), as when a man mounls 
a ladder; or does it change continuously, as when a wheel I’olls up- 
hill? The mere question of fact is exti'aordinarily difficuli jo determine. 
Oonsidering the gaps in the geological record one would have exT>ected 
palaeontologists to he the promulgators of the hypothesis of discon- 
tinuity. They are its chief opponents.^ The advocates of discon- 
tinuity maintain that palaeontologists are misled: that the steps are so 
minute as to escape the observation of workers handicapped by the 
obscurities of their material ; that many apparent characters are com- 
pound and cannot, in the case of fossils, he subjected to Mendolian 

1 As Dr. W. D. Matthew (1910. Pojh flri, MoufJili/, p. 473) has well 
exemplified byj:)he h'story of the Tertiary oreodont mammal.s in North America, 
the known record, taken at its face value leads to ‘ the conclusion that new 
species, new genera and even larger croups have apneared hv saltntmy evolution, 
not bv continuous development,’ Tut a. consideration of the general condit-ior>s 
controlling evoliat’on and migration among land mammals shows him that such 
a conclusion is unwarranted. ‘ The more complete the .series of specimens, 
the more perfect the record in successive strata, and the nearer the hvnothetic 
centre of dispersal, the closer do we come to a phyletic series who«e intergrading 
stages are well within the limits of observed variation of the race.’ 



O. GEOLOGY. 


11 


analysis ; that no palaeontologist can guarantee the genetic purity of the 
assemblages with which he works, even when his specimens are collected 
irom a single locaHty and horizon. It is difdoult to reply to such 
negative arguments. One can but give examples of the kind ol obser- 
vation on which palaeontologists rely. 

Since Dr. Howe’s elaborate analysis of the species of Mioraster 
occurring in the Chalk of S.E. England, much attention has been 
concentrated on the gradual changes undergone by those sea-urchins 
in the course of ages. The changes observed affect many characters ; 
indeed, they affect the w'hole test, and all parts are doubtless correlated. 
The changes come in regularly and gradually ; there is no sign of 
discontinuity. It is convement to give names to the successive forms, 
but they are linked up by mnumerable gradations. There does not 
seem here to be any question of the sudden appearance of a new 
character, in one or in many individuals ; or of the introduction of 
any character and the gradual extension of its range by cross-breeding 
until it has become universal and in turn gives way to some new 
step 111 advance. The whole assemblage is affected and moves forward 
111 fine, not with an advanced scout here and a straggler there. Blight 
variation between contemporaneous individuals occurs, no doubt, but 
the limits are such that a trained collector can tell from a single fossil 
the level at which it has been found. The continuity of the changes is 
also inferred from such a fact as that in occasional specimens of 
Mioraster cor-bovis the distinctness of the ambulacral sutures (which 
IS one of these characters) is greater on one side of the test than on 
the other. 

Such changes as these may profitably be compared with those which 
Professor Duerden believes to be taking place in the ostrich. He too 
finds a slow continuous change affecting imiumerable parts of the bird, 
a change that is universal and within slight limits of variation as 
betw’een individuals. Even on the hypothesis that every barb of every 
feather is represented by a factor in the germ, he finds it impossible 
to regard the changes as other than continuous, and he is driven to 
the supposition (on the hypothesis of germinal factors) that the factors 
themselves undergo a gradual change, which he regards as due to old 
age. It is interesting also that he finds an occasional lop-sided change, 
such as we noted in Mioraster cor-bovis. 

Whatever may be the explanation, tlie facts do seem to warrant 
the statement that evolutionary change can be, and often is, continuous. 
Professor De Vries has unfortunately robbed palaeontologists of the 
word ‘ mutation, ’ by which, following Waagen, they were accustomed 
to denote such change. I propose, therefore, to speak of it as 
* transition.’ But here the question may be posed, whether such transi- 
tions can progress indefinitely, or whether they should not be compared 
to those divergences from the norm of a species which we call fluctua- 
tions, because, like the waves of the sea piled up by a gale, they return 
to their original level when the external cause is removed. If every 
apparent transition in time is of the latter nature, then, when it reaches 
a limit comparable to that circumscribing contemporary fluctuation, 
there must, if progress is to persist, be some disturbance provoking 
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a sailation, and so giving a new centre to ilucl nation and a fresh, limit 
to the upward transition. Those who maintain such a hypothesis 
presumably regard transition as the response of the growing ludividuai 
body to gradual change ol the physical environment ^somatic inodiiica- 
tion). But saltation they ascribe to a change in the composition ol 
the germ. That change may be forced on the germ by the condition 
of the body, and may therefore be in harmony with the environment, 
and may produce a new form along that hue. The new lorin may be 
obviously distinct from its predecessor, or the range of its liuctuation 
may overlap that of its predecessor, in which case it will be impossible 
to decide whether the change is one of transition or oL saltation. This 
succession of hypotheses involves a good many diiliculties ; among 
others, the mechanism by which the germ is suddenly modihed in 
accordance with the transition of the body remains obscure. But the 
facts before us seem to necessitate either perpetual transition, or salta- 
tion acting in this manner. Transition, we must admit, also involves 
a change ol the germ pan passu with the change ol the body. Conse- 
quently the diherence between the two views seems to be narrowed 
down to a point which, if not trivial, is at any rate iiunute. 

Th,e particular saJtatipn-hypo thesis winch I liave sketched may 
remind some hearers ol the ‘ expression points ' ol B. L). Cope. That 
really was quite a different conception. Coije believed that, in several 
oases, generic characters, after persisting for a loiig time, cliiinged 
with relative rapidity. This took place when the modilicatiuns ol adult 
structure were pushed back so far prior to the period of reproduction 
as to be transmitted to the offspring. The brief period of time during 
which this rapid change occurred in any genus was an expression-point, 
and was compared by Cope to the critical temperaluio at which a gas 
changes into a liquid, or a liquid into a solid. Tlie analogy is not 
much more helpful than Gabon’s comparison of a fluctuating foim to 
a rocking polyhedron, which one day rocks too much and topples over 
on to another face. It is, however, useful to note Cope’s opinion that 
these points were * attained without leaps, and abandoned without 
idiruptness. ’ He did not believe that ‘ sports ’ Jiad ‘ any considerable 
influence on the course of evolution ’ (1887, ‘ Origin of Fittest,’ pp. 39, 
79; 1896, ‘ Factors Org. Evolution,’ pp. 24, 25). 

The Dircciion of Change: Seriation. 

The conception of connected change, whether by transition or by 
scarcely perceptible saltation, or by a combination of the two processes, 
leads us to consider the Dix'ection of the Change. 

Those who attempt to classify species now living frequently find 
that thej^ may be arranged in a continuous series, in w-hich each, species 
differs from its neighbours by a little less or a little more ; they find 
that the series corresponds with the geographical distribution of the 
species; and they find sometimes that the change affects particular 
genera or families or orders, and not similar assemblages subjected, 
y > 1^^ same conditions. They infer from this that the 
series represents a genetic relation, that each successive species is the 
descendant of its preceding neighbour ; and in some cases this inference 
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IS warranted by the evidence of recapitulation, a fact which further 
indicates that the change arises by addition or subtraction at the end 
of the individual hfe-cycie. So far as I am aware this phenomenon, 
at least so far as genera are concerned, was first precisely defined 
by Louis Agassiz in his 'Essay on Classification,’ 1857. He called 
it ' Serial Connection, ’ a term which connotes the bare statement of 
fact. Cope in his ' Origin of Genera,’ 1869, extended the obseiwation, 
in a few cases, to species, and introduced the term ‘ Successional 
Relation, ’ which for him implied descent. We may here use the brief 
and non-committal term ' Seriation.’ 

The comparison of the seriation of living species and genera to the 
seriation of a succession of extinct forms as revealed by fossils was, 
it seems, first definitely made by Cope, who in 1866 held the zoological 
regions of to-day to be related to one another ‘ as the different sub- 
divisions of a geologic period in time ’ (Journ. Acad. Nat. Sci. Phila- 
delphia, 1866, p. 108). This comparison is of great importance. Had 
we the seriations of living forms alone, we might often be in doubt 
as to the meaning of the phenomenon. In the first place we might 
ascribe it purely to climatic and similar environmental influence, and 
we should be unable to prove genetic filiation between the species 
Even if descent were assumed we should not know which end of the 
series was ancestral, or even whether the starting point might not 
be near the middle. But when the palaeontologist can show the same, 
or even analogous, seriation in a time-succession, he indicates to the 
neontologist the solution of his problem. 

Here it is well to remind ourselves that all seriatiO'ns are not exact. 
There are seriations of organs or of isolated characters, and the tran- 
sition has not always taken place at the same rate. Hence numerous 
examples of what Cope called Inexact Parallelism. The recognition of 
such cases is largely responsible for the multiplication of genera by some 
modern palaeontologists. This may or may not be the best way of 
expressing the facts, but it is desirable that they should be plainly 
expressed or we shall be unable to delineate the actual lines of genetic 
descent. 

Restricting ourselves to series in which descent may be cM>nsidered 
as proved or highly probable, such as the Micrasters of the Chalk, we 
find then a definite seriation. There is not merely transition, but tran- 
sition in orderly sequence such as can be represented by a graphic curve 
of simple form. If there are gaps in the series as known to us, we can 
safely predict their discovery ; and we can prolong the curve backwards 
or forwards, so as to reveal the nature of ancestors or descendants. 

Orthogenesis : Determinate Variation. 

The regular, straightforward character of such seriation led' Eimer 
to coin the term Orthogenesis fcDr the phenomenon as a whole. If this 
term be taken as purely descriptive, it serves well enough to denote 
certain facts. But Orthogenesis, in the minds of most people, connotes 
the idfe^a of necessity, of determinate variation, and of predeteraained 
course. Now, just as you may have succession without evolution, so 
you may have seriation without determination or predetermination. 
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Let US be clear as to the meaning oi' these terms. ^ Variation is 
said to be determinate or, as Darwdn called it, ‘ definite, ’ when all the 
offspring vary in the same direction. Such definite variation may be 
determined by a change in the composition of the. germ, due perhaps 
to some external influence acting on all the parents ; or it may express 
the direct action of an external influence on the growing offspring. The 
essential feature is that all the changes are of the same kind, though 
they may ^differ in degree For instance, all may consist in some addi- 
tion, as a thickening of skeletal structures, an outgrowth of spines or 
horns; or all may consist in some loss, as the smaller size of outer 
digits, the diminution of tubercles, or the disappeai*ance of feathers 
A succession of such determinate variations for several generations pro- 
duces seriation; and when the seriation is in a plus direction it is called 
progressive (anabatic, anagenetic), when in a minus direction, retro- 
gressive (catabatic, cafagenetic). When successive additions appear 
late in the life-cycle, each one as it were pushing its predecessors back 
to earlier stages, then we use Oope’s phrase — acceleration of devclojn 
ment. When subtraction occurs in the same way, there is retardation 
of development. Now it is clear that if a single individual or genera- 
tion produces offspring with, say, plus variations differing in degree, 
then the new generation will display seriation. Instances of this are 
well known. You may draw from them what inferences yon please, 
but you cannot actually prove that there is progression. Bi’eeding- 
experiments under natural conditions for a long series of years would 
be required for such proof. Here, again, the palaeontologist can point 
to the records of the process throughout centuries or millennia^, aiul 
can show that there has been undoubted progression and retrogression. 
I do not mean to assert that the examples of progressive and retrogj’cs- 
sive ser-ies found among fossils are necessarily (lue to the seriation of 
determinate variations; but the instances of determinate variation knowm 
among the creatures now living show the palaeoJitologist a met hod Ihat 
may have helped to produce his series. Once more the observations of 
neontologist and palaeontologist are mutually complementary. 


Predetermination, 

So much for determination: now for Prcdotenninatioti. This is a. 
far more difficult problem, discussed when the fallen angels 

‘ reasoned high 

Of providence, foreknowledge, will, and fate, 

Fixed fate, free will, foreknowledge absolute, 

And found no end in wandering maaes lost. ' 

— and it is likely to be discussed so long as a reasoning mind persists. 
For all that, it is a problem on whicb many palaeontologists seem to 
have made up their minds. They agree (perhaps unwittingly) with 
Aristotle * that ' Nature produces those things which, being con- 

* ySip [yfyffrrat] Zara Z.7r6 rivos iv aWois &pxvs <rvv€x^s mvo-dfi^va &,<ptKmtrat 

eXs Tt r4h0s. JP%y9. II.» 199b, 16, ed, Bekker. 
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tinuously moved by li certain principle inherent in themselves, arrive 
at a certain end. ’ In other words, a race once started on a ceidain 
coarse, will persist in that course; no matter how conditions may 
change, no matter how hurtful to the individual its own changes 
may be, progressive or retrogressive, up hill and down hill, straight 
as a Roman road, it will go on to that appointed end. Nor is 
it only palaeontologists who think thus. Professor Duerden has 
lecently written, ‘ The Nagelian idea that evolutionary changes have 
taken place as a result of some internal vitalistic force, acting altogether 
independently of external influences, and proceeding along definite lines, 
irrespective of adaptive considerations, seems to be gaining ground at 
the present time among biologists ’ (1919, Journ. Genetics viii. p. 193). 

The idea is a taking one, but is it really warranted by the facts at our 
disposal? We have seen, I repeat, that succession does not imply 
evolution, and (granting evolution) I have claimed that seriation can 
occur without determinate variation and without predetermination. It 
is easy to see this in the case of inanimate objects subjected to a con- 
trolling fome. The fossil-collector who passes his material through a 
series of sieves, picking out first the larger shells, then the smaller, 
and finally the microscopic foraminifera, induces a seriation -in size by 
an action which may be compared to the selective action of successive 
environments. There is, in this case, predetermination imposed by an 
external mind, but there is no determina.te variation. You may see in 
the museum at Leicester a series beginning with the via strata^ of the 
Roman occupants of Britain, and passing through all stages of the 
tramway up to the engineered modern railroad. The unity and 
apparent inevitability of the series conjures up the vision of a world- 
mind consciously working to a foreseen end. An occasional experiment 
along some other line has not been enough to obscui'e the general trend ; 
indeed, the speedy scrapping of such failures only emphasises the idea 
of a determined plan. But closer consideration shows that the oouise 
of the development was guided simply by the lawS' of mechanics and 
economics, and by the history of discovei'y in other branches of science. 
That alone was the nature of the determination; and predetermination, 
there was none. Prom these instances we see^ that selection can, indeed 
must, produce just that evolution along definite lines which is the 
supposed feature of orthogenesis. 

The arguments for orthogenesis are reduced to tw^o : first, the diffi- 
culty of accounting for the incipient stages of new structures befoa:e 
they achieve selective value ; second, the supposed cases of non-adaptive 
or even — as one may term it — counter- adaptive growth. 

The earliest discernible stage of an entirely new character in an 
adaptive direction is called by H. P. Osborn a ‘ rectigradation ’ (1907), 
and the term implies that the character will proceed to develop in a 
definite direction. As compared wdth changes of proportion in exist- 
ing characters (* allometron,’ Osborn), rectigradations are rare. Osborn 
applies the term to the fiirst signs of folding of the enamel in the teeth 
of the horse. Another of his favourite instances is the genesis of horns 
in the Titanotheres, which he has summarised as follows: * (a) from 
excessively rudimentary beginnings, i.e. rectigradations, which can 
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hardly be detected on the siui£uce of the skull; (5) there is some pre- 
determining law or similarity of potential which governs their first 
existence, because (c) the rudiments arise independently on the same 
part of the skull in different phyla [i.e. lineages] at different periods of 
geologic time; (d) the horn rudiments evolve continuously, and they 
gradually change in form (t.e. allometrons) ; (e) they finally become the 
dominating characters of the skull, showing marked variations of the 
form in the two sexes ; (/) they first appear in late or adult stages of 
ontogeny, but are pushed forward gradually into earlier and earlier 
ontogenetic stages until they appear to arise prenatally. ’ 

Osborn says that rectigradations are a result of the principle of 
determination, but this does not seem necessary. In the first place, 
the precise distinction between an allometron and a rectigradation fades 
away on closer scrutiny. When the rudiment of a cusp or a horn 
changes its form, the change is an allometron; the first swelling is a 
rectigradation. But both of these are changes in the form of a pre- 
existing structure; there is no fundamental difference between a bone 
with an equable curve and one with a slight inegularity of surface. 
Why may not the original modification be due to the same cause as the 
succeeding ones ? The development of a horn in mammalia is prob- 
ably a response to some rubbing or butting action which produces 
changes first in the hair and epidermis. One requires stronger evidence 
than has yet been adduced to suppose that in this case form precedes 
function. As Jaekel has insisted, skeletal formation follows the changes 
in the softer tissues as they respond to strains and stresses. In the 
evolution of the Echinoid skeleton, any new structures that appear, 
such as auricles for the attachment of jaw-muscles or notches for the 
reception of external gills, have at their inception all the character of 
rectigradations, but it can scarcely be doubted that they followed the 
growth of their correla.ted soft parts, and that these latter were filready 
suBject to natural selection. But we may go further: in vei^brates 
as in echinoderms the bony substance is interpenetrated with living 
matter, which renders it directly responsive to every mechanical force, 
and modifies it as required by deposition or resorption, so that the 
skeleton tends continually to a correlation of all its parts and an adaipta- 
tion to outer needs. 

The fact that similar structures are developed in the same positions 
in different stocks at different periods of time is paralleled in probably all 
classes of animals; Ammonites, Bruchiopods, Polyzoa, Cn’noids, Rea- 
urchins present familiar instances. But do we want to make any 
mystery of it? The words ‘predisposition,’ ‘predetermining law/ 
‘similarity of potential,’ ‘inhibited potentiality,’ and ‘ periodicity/ all 
tend to obscure the simple statement that like causes acting on like 
material produce like effects. When other causes operate, the result is 
different. Certainly such facts afford no evidence of predetermination, 
in the sense that the development must take place willy-nilly. Quite 
the contrary : they suggest that it takes place only under the influence 
of the necessary causes. Nor do they warrant such false analogies as 
‘ Envmonment presses the button : the animal does the rest. ’ 

The resemblance of the cuttle-fish eye to that of a vertebrate has 
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been ©xpla-med by the asaamption that both creatures are descended, 
longo intervallo no doubt, from a common stock, and that the flesh or 
the germ of that stock had the internal impulse to produce this kind of 
eye some day when conditions should be favourable. It is not ex- 
plained why many other eyed ammals, which must also have descended 
Irom this remote stock, have developed eyes of a different kind. Never- 
theless I commend this hypothesis of Professor Bergson to the advo- 
cates of predisposition. To my mind it only shows that a philosopher 
may achieve distinction by a theory of evolution without a secure know- 
ledge of biology. 

When the same stock follows two quite different paths to the same 
goal, it IS impossible to speak of a predetermined course. In the Wen- 
lock beds is a crinoid whose stalk has become flattened and coiled, and 
the cirri or tendrils of the stalk are no longer set by fives all roimd it, 
but are reduced to two rows, one along each side. In one species these 
cirri are spaced at irregular intervals along the two sides, but as the 
animal grows there is a tendency for them to become more closely set. In 
another species, in various respects more developed, the cirri are set quite 
close together, and the tightly coiled stalk looks like a ribbed ammonite. 
Closer inspection shows that this species includes two distinct forms. 
In one eaoh segment of the stalk bears but a single cirrus, first on the 
right, then on the left ; but the segments taper off to the opposite side so 
that the cirri are brought close together. In the other form two cirri 
are borne by a single segment, but the next segment bears no cirri. 
These intervening segments taper to each side, so that here also the 
cirri are brought close together. Thus the same appearance and the 
same physiological effect are produced in two distinct ways. Had one 
of these never existed, the evolution of this curious stem would have 
offered as good an argument for orthogenesis as many that have been 
advanced. So much for similarity I 

The argument for orthogenesis based on a race-history that marches 
to inevitable destruction, heedless of environmental factors, has always 
seemed to me incontrovertible, and so long as my knowledge of 
palaeontology was derived mainly from books I accepted this premiss 
as well founded. Greater familiarity with particular groups has led 
me to doubt whether such cases really occur, for more intensive study 
generally shows that characters at first regarded as indifferent or 
detrimental may have been adapted to some factor in the environment 
or some peculiar mode of hfe. 

Professor Duerden's interesting and valuable studies of the ostrich 
(1919, 1920, Journ. Genetics) lead him to the opinion that retrogressive 
changes in that bird are destined to continue, and ‘ we may look for- 
ward," he says, ‘ to the sad spectacle of a wingless, legless, and feather- 
less ostrich if extinction does not supervene.’ Were this so we might 
at least console ourselves with the thought that the process is a very 
slow one, for Dr. Andrews tells me that the feet and other known 
bones of a Pliocene ostrich are scarcely disibiguishable from those of 
the present species. But, after careful examination of Dr. Duerdto’s 
arguments, I see no ground for supposing that the changes are other 
than adaptive. Similar changes occur in other birds of other stocks 
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wiien subjected to tlie req^uisite conditions, as the flightless birds of 
diverse origin found on ocean islands, the flightless and running rails, 
geese, and other races of New 2jealand, the Pleistocene Gonyor}i‘is of 
the 'dried Lake Gallabonna, which, as desert conditions came on, began 
to show a reduction of the inner toe. Among mammals the legs and 
feet have been modified in the same way in at least three distinct 
orders or suborders, during different, periods, and in widely separated 
regions. Living marsupials in Australia, have the feet modified accord- 
ing to their mode of life, whether climbing on trees or running over 
hard ground ; and among the latter we find a series indicating how 
the outer toes were gradually lost and the fourth digit enlarged, i 
need scarcely remind you of the modificatioiis that resulted in the 
horse ’s hoof with its enlarged third digit, traceable during the Tertiary 
Epoch tlmoughout the Northern Hemisphere, whether in one or more 
than one stock, i would, however, recall the fact that occasional 
races, resuming from time to time a forest habitat, ceased to progress 
along the main line. Lastly, there are those early hoofed animals 
from South America, made knowm by Ameghmo under the name 
Lilopterna, which underw’ent a parallel senes of changes and atiaiiiod 
in Thoalheriuvi from the Upper Miocene of i’atagonia a one-tioed foot 
with elongate metacarpals essentially similar to that of the horse, in 
all these cases the correlation of fool-structure with mode of life (as 
also indicated by the teeth) is such that adaptation by selection has 
always been regarded as the sole effective cause. 

My colleague, Dr. W. D. Lang, has I’ecently published a most 
thoughtful paper on this subject (1919, Proc. GeoL Assoc, xxx. 102). 
Plis profound studies on certain lineages of Cretaceous Polyzoa 
(Cheilostomata) have led him to believe that the habit of secreting 
calcium carbonate, when once adopted, ^JGi’sists in an increasing degree. 
Tims in lineage after lineage the habit ‘ has led to a brilliant but 
comparatively brief career of skeleton-building, and has doomed the 
organism finally to e\x>lve but the architecture of its tomb. ’ These 
creatures, like all others which secrete calcium carbonate, arc simply 
suEeiing from a gouty diathesis, to which each race will eventually 
succumb. Meanwhile the organism does its best to tlis])ose of the 
secretion; if usefully, so much the belter; but at any j-ate where it 
will be least in the way. Some primitive polyzoa, we are told, often 
sealed themselves up; others escaped this solf-immurenient by turning 
the excess into sx^mes, which in yet other forms fused into a front 
wall. But the most successful architects w^ere overwhelmed at last 
by superabundance of building- material. 

While sympathetic to Dr. Lang's diagnosis of the disease (for in 
1888 I hazarded the view that in Cephalopoda lime-deposition was 
uncontrollable by the animal, and that its extent was inversely relative 
to the rate of formation of chitin or other calcifiable tissue), still 1 
think he goes too far in postulating an ‘ insistent tendency. ' He 
speaks of living matter if it were the over-pumped inner-tube of 
a bicycle tyre, " tense with potentiality, curbed by inhibitions * [of 
the cover] and ' periodically breaking out as inhibitions are remov^ ' 
[by broken glass] . A race acquires the lime habit or the drink habit. 
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and', casting off all restraint, rushes with accelerated velocity down 
the easy slope to perdition. 

A melancholy picture! But is it true? The facts in the case of 
the Cretaceous Polyzoa are not disputed, but they can be interpreted 
as a reaction of the organism to the continued abundance of lime-salts 
in the sea-water. If a race became choked off with lime, this perhaps 
was because it could not beep pace with its environment Instead of 
‘ irresistible momentum ’ from within, we may speak of irresistible 
pressure from without. Dr Dang has told us fl919, Phil. Trams 
B. ccix.) ‘ that in their evolution the individual characters in a 
lineage are largely independent of one another.’ It is this independ- 
ence, manifested in differing trends and differing rates of change, that 
originates genera and species. Did the evolution follow^ some inner 
impulse, along lines * predetermined and limited by innate causes,’ 
one would expect greater similarity, if not identity, of pattern and 
of tempo. 

Many are the races which, seeking only ornament, have (sav our 
historians') perished like Tarpeia beneath the weight of a less welcome 
gift: oysters, ammonites, hippurites, crinoids, and corals But T see 
no reason to suppose that these creatures were ill-adapted to their 
environment — until the situation changed This is but a special case 
of increase in size In creatures of the land probably, and in creatures 
of the water certainly (as exemplified by A. D Mead’s experiments 
on the starfish, 1900, Amer Natural, xxxiv. 17), size depends on 
the amount of food', including all body- and skeleton-building con- 
stituents. lA^hen food is plentiful larger animals have an advantage 
over small Thus hv natural selection the race increases in size until 
a balance is reached Then a fall in the food-supply handicaps the 
larger creatures, which may become extinct. So simple an explana- 
tion renders it quite unnecessary to regard size as in itself indicating 
the old age of the race. 

Among the structures that have been most frequently assigned to 
some blind growth-force are spines or horns, and when thev assume 
a. grotesque form or disproportionate size they are dismissed as evidences 
of senility. Det us take a case 

The Trilobite family Lichadidae is represented in Ordovician and 
Rilurian rocks by species with no or few spines, but in the early 
part of the Devonian, both in America and in Europe, various unrelated 
groups in this family begin to grow similarly formed and situated 
spines, at first short and straight, but soon becoming long curved horns, 
until the climax is reached' in such a troll-like goat-form as Cerafarqps 
arwatiis of the Oalceola-Beds in the Eifel. 

Dr. J. M. Clarke (1913, Monogr. Serv. Geol. Brazil, i. p. 142) 
IS among those who have regarded this parallel development as a sign 
of orthogenesis in the most mystical meaning of the term. Strange 
though these little monsters may be, I cannot, in view of their con- 
siderable abundance, believe that their specialisation was of no use 
to them, and T am prepared to accept the following interpretation by 
Dr. Budolf Richter (1919, 1920). 

Such spines have their first origin in the tubercles which form so 
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common an ornament in Crustacea and other Arthropods and which 
serve to stiffen the carapace. A very slight, projection of any of these 
tubercles further acts as a protection against such soft-bodied enemies 
as jelly-fish, Lfonger out-growths enlarge the body of the trilobite in 
such a way as to prevent its being easily swallowed When, as is 
often the case, the spines stretch over such organs as the eyes, their 
protective function is obvious This becomes still more clear when 
we consider the relation of these spines to the body when rolled up, 
for then they are seen to form an encircling or enveloping clicvaicr- 
de-frise. But besides this, the spines in many cases serve as balancers ; 
they throw the centre of gi'*avity hack from the weighty bead, and 
thus enable the creature to rise into a swnmming posture. Further, 
by their friction, they help to keep the animal suspended in still water 
with a comparatively slight motion of its numerous oar-like limbs. 
Begarded in this light, even the most extravagant spines lose their 
mystery and' appear as conseqiiences of natural selection. A com- 
parison of the curious MarrpUa in the peln,gic or still-water fauna 
of the Middle Cambrian Burgess shale with Addas pis rad to fa of the 
Oalceola-beds certainly suggests that both of these forms were adapted 
to a similar life in a similar environment. 

The fact that many extreme developments are followed by the 
extinction of the race is due to the difficulty that any specialised organism 
or machine finds in adapting itself to new conditions. A highly 
specialised creature is one adapted to quite peculiar circumstances ; 
very slight external change may put it out of harmony, especially if the 
change be sudden. It is not necessary to imagine any decline of vital 
force or exhaustion of potentiality. 

When people talk of cei’tain creatures, living or extinct, as obviously 
unadapted for the struggle of life, I am reminded of Sir Henry de la 
Beche's drawing of a lecture on the human skull by ProfessfU' 
Tchthyosaurus. ‘You wdll at once perceive,’ said the lecturer, ‘that 
the skull before us belonged to one of the lower oi'-ders of animals ; 
the teeth are veiy insignificant, the power of the jaws trifling; and 
altogether it seems wonderful how the creature could have procured 
food/ 

What, then, is the meaning of ‘ momentum ’ in evolution ? Simply 
this, that change, whatever its cause, must be a change of something 
that already exists. The changes in evolving lineages are, as a rule, 
orderly and continuous fto avoid argument the term mnv for the 
moment include minute saltations). Bnvironruent changes slowly and 
the response of the organism always lags behind it, taking small heed 
of ephemeral variations ® Suppose a change from sballov' to deep water 

® The conception of in evolution is of some Tmport-nncc. On n hypothcBiw 
of selection from fortnitons varintion.s the lag must b<* considta'able. Tf the 
variations be determinate and in the direefion of the environmental <‘hnnge, the 
lag _ will be reduced ; but according as the determination departs from the 
environmental change, the lag will incroaRc If a change of environment acts on 
the germ, inducing either greater variation or variation in harmony with the 
change, there will still be lag, but it will be less. On this hypothesis the lag 
will depend on the mechanism through which the environment atTects the germ. 
If, with Osborn, we imagine an. action on the body, transniitfi'd to the various 
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— ^either by sinking of the sea-fioor or by migration of the organism. 
Creatures already capable of becoming acclimatised will be the majority 
of survivors, and among them those which change most rapidly will 
soon dominate. Place your successive forms in order, and you will get 
the appearance of momentum ; .but the reality is inertia yielding with 
more or less rapidity to an outer force. 

Sometimes a change is exhibited to a greater or less extent by every 
member of some limited group of animals, and this change may seem 
to be cO'irelated with the conditions of life in onh’ a few of the genera 
or species, while in others it manifests noi adaptive character and no 
selective value. Thus the loss of the toes or even limbs in certain 
lizards is ascribed by Dr. G. A. Boulenger to an internal tendency, 
altliough, at any ra,te in the Skinks, which furnish examples of all stages 
of loss, it certainly seems connected with a sand-loving and burrowing 
life. Recently Dr. Boulenger (1920, Bull. Soc. Zool. France, xlv. 
68) has put forward the East African TpHtndn loveridgei^ a ribless 
tortoise with soft shell that squeezes into holes under rocks, and swells 
again like an egg in a bottle, as the final stage of a regressive series. 
Tlie early stages of this regression, such as a decrease in size of the 
vertebral processes and rib-heads, were long since noticed by him in 
other members of the same family; but, since they did not occur in 
other families, and since he could perceive no adaptive value in them, 
he regarded them as inexplicable, until this latest discovery proved them 
to be prophetic of a predestined goal. The slightness of my acquaint- 
ance with tortoises forbids me to controvert, this supreme example of 
teleology as it appears to sO' distinguished an authority. But in all 
these apparent instances we should do well to realise that we are still 
incompletely informed about the daily life of these creatures and of 
their ancestors in all stages of growth, and we may remember that 
structures once adaptive often persist after the need has passed or 
has been replaced by one acting in a different direction. 

The Study of Adaptive Form. 

This leads us on to consider a- fruitful field of resea, rch, which would 
at first seem the natural preserve of neontologists, but which, as it 
happens, has of late been cultivated mainly to supply the needs of 
palaeontology. That field is the influence of the mode of life on the 
shape of the creature, or briefly, of function on form; and, conversely, 
the indications that form can give as to habits and habitat. For many 
a long year the relatively simple mechanics of the vertebrate skeleton 
have been studied by palaeontologists and anatomists generally, and 
have been brought into discussions on the effect of use. The investiga- 
tion of the mechanical conditions controlling the growth of organisms has 
recently been raised to a higher plane by Professor D’Arcy Thompson’s 

parts through catalyzers and hormones, then the process will involve lag varying 
with the physico-chemical constitution of the organism. Slight differences in 
this respect between different races may have some bearing on the rate of 
change (vide infra * The Tempo of Evolution '), on the correlation of characters, 
and so on the diversity of form. 
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suggestive book on ‘ Growth and Form. ’ These studies, however, 
have usually considered the structure of an animal as an isolated 
machine. We have to realise that an organism should be studied in 
relation to the whole of its environment, and lierc form comes in as 
distinct from structujre. That mode of expression, though loose and 
purely relative, will be generally understood. By “■ iorru ’ one means 
those adaptations to the surrounding medium, to food, to the mode of 
motion, and so forth, which may vary with outer conditions while the 
fundamental structure persists. Though all structures may, conceiv- 
ably, have originated as such adaptations, those which we call ‘ form ' 
are, as a rule, of later origin. Similar adaptive forms are found in 
organisms of diverse structure, and jirodnce those similarities which wo 
know as ‘convergence.' To take but one simple instance froin the 
relations of organisms to gravity. A stalked echinoderrn nat.nrally 
grows upright, like a flower, with i*adiate symmetry. But in the late 
Ordovician and in Silurian -rocks are many in which the body has .a. 
curiously flattened leaf-like shape, in which the IwO' faces are distinct, 
but the two sides alike, and in which this effect is often enhanced by 
paired outgrowths corresponding in shape if not in structure. Expan- 
sion of this kind implies a position parallel to the eartli’s surface, i.r. 
at right angles to gravity. The leaf-like form and the balancers are 
adaptations to this unusual position. Becognition of this enables us to 
interpret the peculiar features of each genus, to separate the adaptive 
form from the modified structure, and to perceive that' many genera 
outwardly similar are really of quite different origin. 

Until we understand the principles governing these and other adapta- 
tions — irrespective of the systematic position of tlie creatures in whicli 
they appeal^ — we cannot make adequate leconstruclions of onr fossils, 
we cannot draw correct inferences as to their mode of life, and we cannot- 
distinguish the adaptive from the fundamental characters. No doubt- 
many of us, -whether palaeontologists or neontologists, have long recog- 
nised the truth in a general way, and have a.ltem]>ted to f]<*S(*rihe our 
ma.teidal — whether in stone or in alcohol — as living c*rentnres ; and not 
as isolated specimens hut as integral portions of a mobile world. Tt is, 
however, chiefly to Louis Dollo tha-t we owe the suggestion and the 
example of approaching animals primarily from the siile of the enviion- 
ment, and of studying adaptations as such. The analy.sis of ndapiations 
in those ca-ses where the stimxdus can -he recognised and coiTolated with 
its reaction (as in progi^ession through different media or over different 
surfaces) affords sure ground for inferences concerning similar forms of 
whose life-conditions we are ignorant. Thus Othenio Abel has 

analysed the evidence »as to the living squids and cnttle-fish and has 
applied it to the helemnites and allied fossils with novel and interc‘sting 
results. But from such analyses there have been drawn wider con- 
clusions pointing to further extension of the study. Tt was soon seen 
that adaptations did not come to peiTection all at once, but Ihaf, har- 
monisation was gradual, and that some species had progressed further 
than others. But it by no means follows that these represent chains of 
descent. The adaptations of all the organs must be considered', nnd one 
seriation checked by another. Thus in 1890, in sketching the probable 
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history of certain cnnoids, I pointed out that the seriation due to the 
migration of the anal plates must be checked by the seriation due to the 
elaboration of arm -structure, and so on. 

In applying these principles we are greatly helped by Dolio's thesis 
of the Irreversibility of Evolution. It is not necessary to regard this as 
an absolute Law, subject to no conceivable exception. It is a simple 
statement of the facts as hitherto observed, and may be expressed 
thus : 

1. In the course of race-history an organism never returns exactly 
to its former state, even if placed in conditions of existence identical with 
those through which it has previously passed. Thus, if through adap- 
tation to a new mode of life (as from walking to climbing) a race loses 
organs which were highly useful to it in the fonner state, then, if it ever 
revei’ts to that former mode of hfe (as from climbing to walking), those 
organs never retmm, but other organs are modified to take their place. 

2. But (continues the Law), by virtue of the indestructibility of the 
past, the organism always preserves some trace of the intermediate 
stages. Thus, when a race reverts to its former state, there remain the 
traces of those modifications which its organs underwent while it was 
pursuing another mode of existence. 

The first statement imposes a veto on any speculations as to descent 
that involve the reappearance of a vanished stimcture. It does not 
interfere with the cases m which old age seems to repeat the characters 
of youth, as in Ammonites, for here the old-age character may be 
similar, but obviously is not the same. The second statement furnishes 
a guide to the mode of life of the immediate ancestors, and is applicable 
to living as well as to fossil forms. It is from such persistent adaptive 
characters that some have inferred the arboreal nature of our own 
ancestors, or even of the ancestors of all mammals. To take but a 
single point, Dr. W. D. Matthew (1904, Avior. Naluixil. xxxviii. 
813) finds traces of a former opposable thumb in several early Eocene 
inainmals, and features dependent on this in the same digit of all 
mammals where it is now fixed. 

The Study of Habitat. 

The natural history of maifine mvertebrata is of particular intex’est 
to the geologist, but its study presents peculiar difficulties. The marine 
zoologist has long recognised that his early efforts with trawl and dredge 
threw little light on the depth in the sea frequented by his captures. The 
surface floaters, the swimmers of the middle and lower depths, and the 
Cirawders on the hottom were confused in a single haul, and he has 
therefore devised means for exploring each region separately. The 
geologist, however, finds all these faunas mixed in a single deposit. 
He may even find with them the winged creatures of the air, as in the 
insect beds of Gurnet Bay, or the remains of estuarine and land animals. 

Such mixtures are generally found in rocks that seem to have been 
deposited in quiet land-locked bays. Thus in a Silurian rock near 
Visby, Gotland, have been found creatures of such diverse habitat as 
a scorpion, a possibly estuarine Pterygoiiis, a large barnacle, and a 
crinoid of the delicate form usually associa.ted with clear deep water. 
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The lagoons of Solenbofen have preserved a strange mixture of land and 
sea life, without a trace of fresh or brackish water forms. Archae- 
opieryx, insects, hying reptiles, and creeping reptiles represent the air 
and land fauna; jelly-fish and the crinoid Saccoconia are true open- 
water wanderers ; sponges and stalked crinoids were sessile on the 
bottom; starfish, sea-urchins, and worms crawled on the sea- floor; 
king-crabs, lobsters, and worms left their tracks on mud-flats ; cephalo- 
pods swam at various depths ; fishes ranged from the bottom mud to the 
surface waters. The Upper Ordovician Starfish bed of Girvan contains 
not only the crawling and wriggling creatures from which it takes its 
name, but stalked echinoderms adapted to most varied modes of life, 
swimming and creeping trilobites, and indeed representatives of almost 
all marine levels. 

In the study of such assemblages we have to distinguish between 
the places of birth, of life, of death, and of burial, since, though these 
may all be the same, they may also be different. The echinoderms 
of the Starfish bed further suggest that closer discrimination is needed 
between the diverse habitats of bottom forms. Some of these were, f 
believe, attached lO' sea- weed; others grow up on stalks iibove the 
bottom ; others clung to shells or stones ; others lay on the top' of the 
sea- floor; others were partly buried beneath its muddy sand ; others may 
have grovelled beneath it, connected with the overlying water hy 
passages. Hei-e we shall be greatly helped by the investigations of 
C. G. J. Petersen and his fellow -workers of the Danisli Biological 
Station. (See especially his summary, ‘ The Sea Bottom and its 
Production of Fish Pood,’ Copenhagen, 1918.) They have sot an 
example of intensive study which needs to be followed elsewhere. By 
bringing up slabs of the actual bottom, they have shown iihat-, even in 
a small area, many diverse habitats, ench with its peculiar fauna, may 
be found, one superimposed on the other. Thanks to Petersen and 
siTuilar investigators, exact comparison can jiow take the place of in- 
genious speculation. And that this research is not incredy fascinaiing 
in itself, but illuininatory of wider questions, follows fixun the con- 
sideration that analysis of faunas and their nifKlos of life ninst be a 
necessary preliminai’y to the study of migrations and gcograpliical 
distribution. 

The Tempo of Evolmtion . 

We have not yet done with the results that may flow from an analysis 
of adaptations. Among the many facts which, when considered from 
the side of animal structure alone, lead to transcendental theories with 
Greek names, there is the observation that the relative rate of evolution 
is very different in races living at the same time. Since their remains 
are found often side by side, it is assumed that they were subject to the 
same conditions, and that the differences of spe<^ must be due to a 
difference of internal motive force. After what has just been said you 
will at once detect the fallacy in this assumption. Professor Abel has 
recently maintained that the varying tempo of evolution depends on the 
changes in outer conditions. He compares the evolution of whales, 
sirenians, and horses during the Tertiary Epoch, and correlates it with 
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the nature of the food. Boughly to summarise, he points out tha<t 
from the Eocene onwards the sirenians underwent a steady, slow change, 
because, though they migrated from land to sea, they retained their 
habit of feeding on the soft watex'-plants. The horses, though they 
remained on land, display an evolution at first rather quick, then 
slower, but down to Pliocene times always quicker than that of the 
sirenians ; and this is correlated with their change into eaters of grain , 
and their adaptation to the plains which furnish such food. The whales, 
like the sirenians, migrated at the beginning of the’ Tertiary from land to 
sea; but how different is their rate of evolution, and into what diverse 
forms have they diverged f At first they remained near the coasts, keep- 
ing to the ancestral diet, and, like the sirenians, changing but slowly. 
But the whales were flesh-eaters., and soon they took to hunting fish, and 
then to eating large and small cephalopods ; hence from the Oligocene 
onwards the change was very quick, and in Miocene times the evolution 
was almost tempestuous. Finally, many whales turned to the swallow- 
ing of minute floating organisms, and from Bower Pliocene times, 
having appvarently exhausted the possibilities of ocean provender, they 
changed with remarkable slowness. 

Whether such changes of food or of other habits of life are, in a 
sense, spontaneous, or whether they are forced on the creatures by 
changes of climate and other conditions, makes no difference to the 
facts that the changes of form are a reaction to the stimuli of the outer 
world, and that the rate of evolution depends on those outer changes. 

Whether we have to deal with similar changes of form taking place 
at different times or in different places, or with diverse changes a.ffect- 
ing the same or similar stocks at the same time and place, we can see 
the possibility that all are adaptations to a changing environment. 
There is then reason for thinking that ignorance alone leads us to assume 
some inexplicable force urging the races this way or that,^ to so-called 
advance or to apparent degeneration, to life or to death. 

The Bhythm of Life. 

The comparison of the life of a lineage to that of an individual is, 
up to a point, true and illuminating; but when a lineage first starts on 
its independent course (which really means that some individuals of a 
pre-existing stock enter a new field), then I see no- reason to predict 
that it will necessarily pass through periods of youth, maturity, and 
old age, that it will increase to an acme of numbers, of va.riety, or of 
specialisation, and then decline through a second childhood to ultimate 
extinction. Still less can we say that, as the individuals of a species 
have their allotted span of time, long or short, so the species or the 
lineage has its predestined term. The exceptions to those assertions 
are indeed recognised by the supporters of such views, nnd they are 
explained in terms of rejuvenescence, rhythmic cycles, or a grand 
despairing outburst before death. This phraseology is delightful as 
metaphor, and the conceptions have had their value in promoting search 
for confirmatory or contradictory evidence. But do they lead to any 
broad and fructifying principle? When one analyses them one is per- 
petually brought up against some transcendental assumption, some 



26 


SECTIONAL ADDRESSES. 


unknown entelechy that starts and controls the machine, but must for 
ever evade the methods of our science. 

The facts of recurrence, of rhythm, of rise and fall, of marvellous 
efflorescences, of gradual decline, or of sudden disappearances, all are 
incontestable. But if we accept the intimate 3’olation of organism and 
environment, we shall suimise that on a planet with such a geological 
history as ours, with its recurrence of similar physical changes, the 
phenomena of life must leflect the greati rhythmic waves that have 
uplifted the mountains and lowered the deeps, no' less than evoiy 
smaller wave and ripple that has from a-ge to age divei'sifted and 
enlivened the face of our restless mother. 

To conelate the succession of living forms with all these changes 
is the task of the palaeontologist. To attempt it he will need llie aid of 
every kind of biologist, every kind of geolo'gist. "But this attoTn])t is not 
in its nature impossible, and each advance to the ultimate goal will, 
in the future as in the past, provide holh geologist and biologist witli 
new light on their particular pi'ohlems. When tlie correlation shall 
have been completed, our geological systems and epoc*hs will no longer 
be defined by gaps in our knowledge, but will he the ime expression 
of the actual rhythm of evolution. Lyell’s great postulate of the uni- 
form action of nature is still our guide : but we have censed to co^nfoiind 
uniformity with monotony. We return, though with a difference, to 
the conceptions of Cuvier, to those numerous and relatively sudden 
revolutions of the surface of the globe which have produced the corre- 
sponding dynasties in its succession of inhabitants. 

The FnUire. 

The woi*k of a systematic palncontologtsl , cspecitdly of one?: dealing 
with rare and obscure fossils, often seems remote from tlu‘ thought nTid 
practice of modern science. T have tried to show that it is not i*eal]y 
so. But still it may appear to some to have no contact with the urgent 
problems of the world outside. That also is an error. Wliotluu'ihe 
views I have criticised or those T have supported are the correct ones is 
a matter of practical importance. Tf we are. to accept the principle of 
predetermination, or of blind gi'owth- force, we must accept also a 
check on our efforts to improve breeds, including those of man, by anv 
other means than crossings and elimination of unfit strains. Tn' spite 
of all that we may do in this way, there remain iliose decadent- races, 
whether of ostriches or human beings, which * await, alike the inevit- 
able hour.' Tf, on the other hand, we adopt the view that the. life- 
history of races is a response to theii* environment, then it- follows, 
no doubt, that the past history of living creatures will ha\'e been detei’- 
mined by conditions outside their control, it follows that tbc idea of 
human progress as a- biological law ceases to be tenable ; but, since man 
has the power of altering his environment and of adapting racial 
characters through conscious selection, it also follows that progress will 
not of necessity be followed by decadence : rather that, by aiming at a 
bigh mark, by deepening our knowledge of ourselves and of our world, 
and by controlling our energy and guiding our efforts in, the light of 
that knowledge, we may prolong and hasten our ascent to ages and to 
heights as yet beyond prophetic vision. 
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Where do lee stand? 

The public has the right to consider and pass judgment on all that 
affects Its civilisation and advancement, and both of these largely 
depend on the position and advance of science. I ask its consideration 
of the science of Zoology, whether or not it justifies its existence as 
such, and, if it does, what are its needs. It is at the parting of the 
ways. It either has to justify itseli as a science or be altogether starved 
out by the new-found enthusiasm for chemistry and physics, due to the 
belief in their immediate application to industries. 

It is a truism to point out that the recent developments in chemistry 
and physics depend, in the main, on the researches of men whose 
names a,r*e scarcely known to the public : this is equally true for all 
sciences. A list of past Presidents of the Royal Society conveys 
nothing to the public compared wdth a list of Captains of Industry who, 
to do them justice, are the first to recognise that they owe their position 
and wealth to these scientists. These men of science are unknown to 
the public, not on account of the smallness of their discoveries, but 
rather on account of their magnitude, which makes them meaningless 
to the mass- 

Great as have been the results in physical sciences applied to 
industry, the study of animal life can claim discoveries just as great. 
Their greatest value, however, lies not in the production of wealth, but 
rather in their broad applicability to human life. Man is an animal and 
he is subject to- the same laws as other animals. He learns by the 
experience of his forebears, but he learns, also, by the consideration of 
other animals in relationship to their fellows and to the world at large. 
The whole idea of evolution, for instance, is of indescribable value; it 
permeates all life to-day ; and yet Charles Darwin, whose researches did 
more than any others to establish its facts, is too often only known to 
the public as ‘ the man who said we came from monkeys. ’ 

D 
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Whilst first and foremost I wonld base niy claim for the study of 
animal life on this consideration, we cannot neglect the help it has given 
to the physical welfa\;e of man’s body. It is not out of place to draw 
attention to the manner in which pure zoological science has worked 
hand in hand with the science of medicine. Haiwey’s experimental 
discovery of the circulation of the 'blood laid the foundation for that 
real knowledge of the working ol the human body which is at the basis 
of medicine ; our experience of the history of its development gives us 
good grounds to hope that the work that is now being carried out b} 
numerous researchers under the term ‘experimental’ will ultimately 
elevate the art of diagnosis into an exact science. Harvey’s work, too, 
mostly on developing chicks, was the starting-point for our knowledge 
of human development and growth. Instances in medicine could be 
multiplied wherein clinical treatment has only been rendered ])ossibJe 
by laborious research into the. life histories of certain parasites preying 
often on man and other animals alternately. In this connection there 
seems reason at present for the belief that the great i^roblem of medical 
science, ca.ncer, will reach its solution from the zoological side, A 
pure zoolo'gist. has shown that typical cancer of the stomach of the rat 
can be produced by a parasitic threadworm (allied to that found in 
pork, Trichina), this having as a carrying host the Ainc'rican cock- 
roach, brought over to the large wafeho.uses of Copenhagen in sacks of 
sugar. Our attack on such parasites is only made- effective by what we 
know of them in lower forms, which we can deal with at will. Millions 
of the best of our race owe their lives to the labours of foi'gotlen men 
of science, who laid the foundaiions of o-ur knowledge of the generations 
of insects and flat-worms, the modes of life of lice ami ticks, and the 
physiology of such lowly creatures as Ania>hci and Pariuneciirm ; })arasil-ic 
disease — malaria, Bilhaziasis, typhus, trench fever and dysentery — 
was as deadly a foe to us as was the Hun. 

Of immense economic importance in the whole domain of domestic 
animals and plants was the rediscovery, early in the present century, 
of the complefely forgotten work of Gregor Mendel on cross-breeding, 
mad© known to the present generation largely by the labours of a 
former President of this Association, who, true man of sckmce, <‘hiimK 
no credit for himself. We see results already in the few years t hat- 
have elapsed in special breeds of wheal, in wliich have been combined 
with exactitude the- qualities man desires. The results are in ilie 
making — and this is true of all things in biology — but cnn anyone doubt- 
that the breeding of animals is becoming an exact science!^ We hav£* 
got far, perhaps, but we want to get much further in our understand- 
ing of the laws governing human heredity; we have to estaldisli 
immunity to disease. .Without the purely scientific study of chromo- 
somes (the bodies which* ca-rry the physical and mental diaracteristies 
of parents to children) we could have got nowhere, and to reach our 
goal we must know more of the various forces which in comhinaiion 
make up what we term life. 

In agricultural sciences we are confronted with pests in lialf a 
dozen diflerent groups of animals. We have often to discover which 
of two or more is the damaging form, and the difficulty is gi^eater 
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where tne damage is due to association between plant and animal pests, 
insects a.re, perhaps, the w?-orst offenders, and our basal knowledge of 
them as living organisms — they can do no damage when dead, and 
perhaps pinned in our showcases — is due to Hedi, Schwammerdam , 
and R^amur in the middle of the seventeenth century. Our present 
successful honey production is founded on the curiosity of these men in 
respect to the origin of life and the generations of insects. The fact 
that most of the dominant insects have a worm (caterpillar or maggot) 
stage of growth, ofteix of far longer duration than that of the insects, 
has made systematic descriptive work on the relation of worm and 
insect of peculiar importance I hesitate, however, to refer to catalogues 
in which perhaps a million different forms of adults a.nd young are 
described. Nowadays we know, to a large degree, wdth what pests we 
deal and we are seeking remedies. We fumigate and we spray, spending 
millions of money, but the next remedy is in the use of free-living 
enemies or parasites to prey on the insect pests. The close correlation 
of anatomy with function is of use here in that life histories, whether 
parasitic, carnivorous, vegetarian, or saprophagous, can be foretold in 
fly maggots from the structure of the front part of their gut (pharynx) ; 
we know whether any maggot is a pest, is harmless, or is beneficial. 

I won’t disappoint those who expect me to refer more deeply to 
science in respect to fisheries, but its operations in this field are less 
known to the public at large. The opening up of our north-western 
grounds and banks is due to the scientific curiosity of Wyville Thomson 
and his confreres .as to' the existence or non-existence of animal life 
in the deep sea. It was sheer desire for knowledge that attracted 
n. host of inquirers to investigate the life histo'ry of river eels. The 
wonder of a fish living in onr shallowest pools and travelling two 
or three thousand miles to breed, very likely on the bottom in 2000 
fathoms, and subjected to pressures varying from 14 lb. to 2 tons per 
square inch, is peculiarly attractive. Tt shows its results in regular 
eel farming, the catching and transplantation of the baby eels out of 
the Revern into suitable waters, which cannot, by the efforts of Nature 
alone, be sure of their regular supply. Purely scientific observations 
on the life histories of flat fish — these were largely stimulated by the 
scientific curiosity induced by the views of Lamarck and Darwin as 
to the causes underlying their anatomical development — ^an'd on the 
feeding value and nature of Thisted Bredning and the Dogger Bank, 
led to the successful experiments on transplantation of young plaice 
to these grournds and the phenomenal growth results obtained, particu- 
larly on the latter. Who can doubt that this * movement of herds ’ 
is one of the first results to he applied in the farming of the North 
Sea as soon as the conservation of our fish supply becomes a question 
of necessity? 

The abundance of mackerel is connected with the movements of 
Atlantic water into the British Channel and the North Sea, movements 
depending on complex astronomical, chemical, and physical conditions. 
Ihey are further related to the food of the mackerel, smaller animal 
life which dwells only in these Atlantic waters. T^ese depend, as 
ihdefed do all animals, on that living'matter which possesses chlorophyll 
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for its nutrition and \^'hich we call plant. In this case the plants 
are spores of algae, diatoms, etc., and their abundance as food again 
depends on the amount of the light of the sun — the ultimate source, 
it might seem, of all life. 

A method of ascertaining the age of fishes was sought purely to 
correlate age \s'ith growth in comj^aj'ison witli tin* growth of iiir-living 
vertebrates. Ihis method was found in the liugs of growth in the 
scales, and now the ascertaining of age-groups in heriiug shoals enaldes 
the Norwegian fishermen to know with certainty wliat possibilities and 
probabilities are befoie them in the forthcoming season. From tlie 
work on the blending together of Atlantic witli Baltic and North Sen 
water off the Baltic Biglit and of the subsequent movements of this 
Bank water, as it is termed, into the Swedish fiords can he imderstood. 
year by year, the Swedish herring fisliery. It is interesting that these 
fisheries have been further correlated with cycles of sun spots, and 
also‘ with longer cycles of lanai‘ changes. 

The mass of seemingly unproductive scientific inquiries undertaken 
by the United States Bureau of Fi.sheries, thirty to fifty years ago, 
was file forerunner of their immense fish-hatching ojieralio-ns, whereby 
billions of fish eggs are stripped year by year and the fresh waters 
of that country made into an important source for the supply of food. 
The study of the growth stages of lobstei's and crabs lias resulted in 
sane regulations to protect the egg-caiTying females, and in some 
keeping up of the supply in spite of the enormously increased demanrl. 
Lastly, the study of free-swimming larval stages in inollusca, stimu- 
lated immensely by their similarity to larv,nl stages in worms and 
starfishes, has given rise to the establishment of a successful pearl- 
shell farm at Dongonab, in the Bed Bea, and of numerous fresh-water 
mussel fisheries in the southern rivers of the T'^nited Rtates, to supply 
small shirt buttons. 

Fishery investigation was not originally directed to a more ambitious 
end than giving a reasonable answer to a question of the wisdom or 
unwisdom of compulsorily restricting commercial fishing, buf> it was 
soon found that this answer could not be obtained wntliout the aid 
of pure zoology. The spread of trawling — and particularly the intro- 
duction of steam trawling during the last century— -gave rise to grave 
fears that the stock of fish in home waters might be very senously 
depleted by the use of new methods. We first required to know the 
life histories of the various trawled fish, and Bars and others told 
us that the eggs of the vast majority of the European marine foorl 
species were pelagic; in other words, that they floated, and thus could 
not be destroyed, as had been alleged. Trawd fishing- might have to 
be regulated all the same, for there might he an in.sufficient number 
of parents to keep up the stock. Tt was clearly necessary tn know 
the. habits, movements, and distribution of the" fishes, for all were 
not, throughout their life, or at all seasons, found on the grotmds it. 
was practicable to fish. A North Bea plaice of 12 in. in length, a 
quite moderate size, is usually five years old. The fact that of the 
female pjlaice captured in the White* Sea., a virgin ground, the vast 
ihajbrity' are fixature, while less than half the plaice put upon our 
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markets from certain parts of the southern North Sea in the years 
immediately before the w^ar had ever spawned, is not only of great 
interest, but gives rise to grave fears as to the possibility of unrestricted 
fishing dangerously depleting the stock itself. There is, however, 
another group of ideas surrounding the question of getting the maximum 
amount of plaice-meat from the sea ; it may be that the best size for 
ditching is in reality below the smallest spawning size. I here merely 
emphasise that in the ])laice we have an instance of an important food 
fish, whose capture it will probably be necessary to regulate, and that 
in determining how best the stock may be conserved, what sizes should 
recei^'e partial protection, on what grounds fish congregate and why, 
and in all the many cognate questions which arise, answers to either 
dui only be given by the aid of zoological science. 

But wliy multipl}^ instances of the applications of zoology as a pure 
science to human affairs ? Great results are asked for on every side of 
human activities. The zoologist, if he be given a chance to live and 
to hand on his knowledge and ex^Derience to a generation of pupils, 
can answer many of them. He is increasingly getting done with the 
collection of anatomical facts, and he is turning more and moi^e to the 
why and how animals live. We may not know in our generation nor 
in many generations what life is, but we can know enough to control 
that life. The consideration of the fact that living matter and water 
are universally associated opens up high possibilities. The experi- 
mental roproduotioai of animals, without the interposition of the male, 
is immensely interesting; where it will lead no one can foretell. The 
association of growth with the acidity and alkalinity of the water is a 
matter of immediate practical importance, especially to fisheries. The 
probability of dissolved food material in sea and river water, indepen- 
dent of organised organic life and absorbable over the whole surfaces of 
animals, is clearly before us. fs it possible that that dissoilved material 
may be even now being created in nature without the assistance of 
organic life? The knowledge of the existence in food of vitamines, 
making digestible and usable what in food would otherwise be wasted, 
may well result in economies of food that will for generations prevent the 
necessity for tlie artificial restriction of populations. The parallel 
between these vitamines and something in sea- water may quite soon 
apply practically to the consideration of all life in the sea. Finally, 
what we know of the living matter of germ cells puts before us the not 
impossible hope that we may influence for the better the generations yet 
to come. 

If it is the possibility in the unknown that makes a science, are 
tliere not enough possibilities here? Does Zoology, with these prob- 
lems before it, look like a decayed and worked-out science? Is it not 
worthy to be ranked with any other science, and is it not worthy 
of th© highest support? Is it likely to show good value for the 
money spent upon it? Should we not demand for it a Professorial 
Chair in eveiy University that wishes to be regarded as an educational 
institution? And has not the occupant of such a Chair a task at least 
equal in difficulty to that of the occupant of any other Chair? Surely 
the zoologist may reasonably claim an equal position and pay to that 
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of the devotee of any other science ! The researcher is not a huckster 
and will not make this claim on his own belialf, but the occupant of 
this 01 lair may be allowed to do so for him. 

So far I hawe devoted my attention primarily, in this sui’vey of ilic 
position of Zoology, to the usefulness of the subject. Let us nov note 
where we stand in respect tO' other subjects and in meeting the real need 
for wide zoological study. 

All sciences are now being reviewed, and ideology bas to meet montli 
by month the increasingly powerful claim of physics and chemistry for 
public support. Both of these sciences are conspicuously applicable 
to industry, and this, perhaps, is their best claim. The consideration 
of life as a science w^oaild itself be in danger w^ere it noii for tlie economic 
applications of physiologj^ to medicine. This is the danger from 
without, but there is another from within, and this lies in the splitting 
up of the subject intO' a series of small sections dcNoted to special 
economic ends. They are a real dangei- in that they are forming 
enclosures within a science, wliile research is more and more breaking 
down the walls between sciences. Zoology in many Universities 
scarcely exists, for what is assimilated by agriculturalists and medical 
men are catalogued lists of pests, while medical students nua’cly acquir<‘ 
the technique of observing dead forms of animals other tiuui Iniman — 
not the intention of the teachers, it is true, but a melancholy fact all 
the same. The student, I say again, is merely acquiring in * Zoology ’ 
a travesty of a noble subject, but to tln.s point I fctiirn later. 

Let me now -give a few facts wdiicb lia\e tlieii’ sw’eet and bitter for 
us who make Zoology our life wo’L. During the w'a}- W’c* wanted men 
who had passed the Tfonours Schools in Zoology — and hence, were pi'o- 
simiably capable of doing the wmrk — to train for the diagnosis of prot.o- 
zoal disease. We asked for all names ftx>m 1905 to J914 inclusive, and the 
average worked out at under fourteen per year from all Lnglish 
Universities: an average of one student per University year. In 
the year 1913-14 every student who had done his Honours Uom’se in 
Zoology in 1913 could, if lie had taken entomology as his subject , ]uiV(' 
been absorbed into the economic applications of that subject. Ti'aiiieil 
men were wanted to undertake scientific fishery investigations and they 
could not be found. Posts were advertised in Animal Breeding, in 
Helminthology, and in Protozoology, three other c*conomic siiles of 
the subject. The Natural History Museum wanted systematists and 
there were many advertisements for teachers. How many of these 
posts were filled I don’t know, but it is clear that not more than one- 
half — or even one-third — can have been filled efiieienily. Can any 
zoologist say that all is well with his subject in tlio face of these 
deficiencies ? 

The demands for men in the economic sides of zoolog}^ are corj- 
tinually growing, and it is the business of Universities to try and meet 
these demands. There are Departments of Government at home and 
in our Colonies, which, in the interests of the people they govern, wish 
to put into operation protective measures but cannot do so because 
there are not the men with the requisite knowledge and common sense 
required for Inspectorates. There are others that w'ish for research 
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to develop seas to conserve existing industries as well as to discover new 
ones, and they, too, are compelled to mark time. 

In default, or in spite of, the efforts of the schools of pure zoology, 
attempts are being made to set up special training schools in fisheries, 
in entomology, and in other ©conomio applications of zoology. Each 
branch is regarded as a science and the supporters of each suppose 
they can, from the commencement of a lad’s scientific training, give 
specialised instruction in each. The researcher in each has to do the 
research which the economic side requires. But he can’t restrict his 
education to one science; he requires to know the principles of all 
sciences ; he must attempt to understand what life is. Moreover, his 
specialist knowledge can seldom be in one science. The economic 
eniomologist, however deep his knowledge of insects may be, will find 
himself frequently at fault in distinguishing cause and efiect unless he 
has some knowledge of mycology. The protozoologist must have an 
intimate knowledge of unicellular plants, bacterial and other. The 
animal-breeder must know the work on cross- fertilisation of plants 
The fisheries man requires to^ understand physical ■ocean0'graph3^ The 
helminthologist and the veterinary surgeon require an intimate know- 
ledge of a rather specialised ‘ physiology. ’ All need knowledge of the 
comparative physiology' of animals in other groups beyond those witli 
which they deal, to assist them in their deductions and to> aid them to 
secure the widest outlook. It is surely a mistake, while the greatest 
scientific minds of the day find that they require the widest knowledge, 
to endeavour to get great scientific results out of students whose train- 
ing has been narrow and specialised. Such specialisation requires to 
come later, and can replace nofthing. This short cut is the longest way 
round. The danger is not only in our science, but in every science. 

In face of this highly gratifying need for trained zoologists, indepen- 
dently of medical schools, I ask my colleagues in the teaching of zoology, 

‘ What is wrong with our schools of zoology that they are producing 
so few men of science? It is not the subject'! Can it be our presenta- 
tion of it, or is it merely a question of inadequate stipends? ’ 

In science schools there can be no- standing still. Progress or 
ictrogression in thought, technique, and method are the two alterna- 
tives. If we are to progress we must see ever wider vistas of thought, 
and must use the achievements of our predecessors a.s the take-off for 
our own advances. The foundations of our science were well and truly 
laid, but we must not count the bricks for ever, but add to them. 
Far be it from me to decry the knowledge and ideas our predecessoi's 
have given to us. To have proved the possibility, nay, probability, that 
all life is one life -and that life itself is permanent is an immense achieve- 
ment. To have catalogued the multitudinous forms that life takes in 
each country was a herculean task. To have studied with meticulous 
care the shapes, foiuns, and developments of organs in so many bodies 
was equally herculean. It was a.s much as could be expected in the 
nineteenth century, during most 'of which zoology was in advance of 
all other sciences. But surely for these pioneer workers this docket- 
ing, tabulating, and collecting wa-s not the object of theor research, ‘ 
but the means to its attainment. The prize they sought was the under- 
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standing of life itself, the intangible mystery which makes ourseh’es 
akin to all these specimens, the common possession which gives to man, 
as to the lowest creature, the power of growth and reproduction. 

To my colleagues I say, let us no longer, in the reconstruction 
immediately before us, tie ourselves down to the re-chev^ing of our dry 
bones. They are but dead bones, and the great mysteiy which once 
lived ill them has passed from them, and it is that we must now 
seek. Not in bones, in myriads of named specimens, does that mystery 
dwell, but in the living being itself, in the growth and reproduction of 
live creatures. Obser^^ation and experiment rather tliau tabulation and 
docketing are our technique. What is that life, common to you, to me, 
to our domestic pets, to animals and to plants alike ^Surely this is 
our goal, and the contents of our museums, means to this end, are 
111 danger of being regarded as the end. There is hope now. Those 
of us who have the will to look can see zoology in its proper place, 
the colleague of botany in applying physics and chemistry to the under- 
standing of life itself. The study of life is the oldest of all sciences ; 
it is the science in which the child earliest takes an interest; its stud} 
has all the attributes required for education of the highest type, loi' the 
appreciation of the beauty of form and of music, of imselhshness, of 
self-control, of imagination, of love, and constancy. The more we know 
oi life, the more we appreciate its wonders and the more we want to 
know ; it is good to be alive. 

Surely the time has now come for us to lift our eyes from our 
tables of groups and families, and, on the foundations of the know- 
ledge of these, work on the processes going on in the living body, 
the adaptation to environment, the problems of heredity, and of many 
another fascinating hunt in unknown country. Tet us teach our 
students not only what is known, but, still more, what is unknown, for 
in the pursuit of the latter we shall engage eager spirits who cai*c‘ nought 
for collections of corpses. My own conviction is that we are in dange.r 
of burying our live subject along with our specimens in museums. 

We see the same evil at woi*k in the teaching of v.oology from the 
very beginning. Those of us who are parents know that the problems 
of life assail a child almost as soon as it can speak, and that it is tlic 
animal side of C'reatiori which makes the most natural and immediate 
appeal to its interest and curiosity. Whei'e such interest is intelligent 
and constant it is safe to educate truly in the desired direction. You 
will notice that the child's questions are very fimdamontal and that, 
according to my experience, the facts elicited are applied widely, and 
with perfect simplicity. Thus iny own small daughter, having elicited 
where the baby rabbits came from, said ‘ Oh ! just like eggs from hens. ’ 

The child’s own desires show up best what his mind requires for 
its due development, and I fear no contradiction in claiming that it is 
animal life in all its living aspects. Yet what is he gi^TU? t>eh(K>]s 
encourage 'natural histoiw,’ as it is termed. Tn some it is nature; but 
too often it consists in a series of prizes for dates — -when the first 
blooms of wild flowers were found : the first nests, eggs, and young of 
birds ; the records of butterflies and moths, etc. Actual instniction, if 
there is any beyond this systematic teaching of destniction, frequently 
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lies solely in a few sheets of the life histories of the cabbage butterfly 
and other insects. Fossil sen urchins and shells are curiosities and 
are used to teach names. The whole is taught — there are some striking 
exceptions — with the minimum requirements of observation and intelli- 
gence. Plants too often dominate. The lad can pluck flowers and 
tear up roots; there is a certaiTi cruelty to be discouraged if animals 
are treated similarly, but here there is none, for ‘ they are not alive ’ ns 
we are Which one of us would agree to this, and say that there is 
not a similar " cruelty ' in tearing* up plants ? The method is the 
negation of science. The bov most he taught from the other end, from 
file one animal about which he does know a little, viz., himself. From 
the commencement he must associate himself with all hving matter 
Tlie child — boy or girl — shows ns the way in that he is invariably keener 
on the domestic pets, while he has to he bribed by pennies io learn 
plant names. 

As a result of the wrong leaching of zoology we see proposals to 
make so-called ' nature study ‘ in our schools purely botanical. Ts 
this proposal made in the interests of the teacher or the children ? It 
surely can’t be for ‘ decency ’ if the teaching is honest, for the pbeno- 
mena are the same, and there is nothing ‘ indecent ’ common to all 
life, 'The proper study of mankind is man,’ and the poor child, 
athirst for information about himself, is given a piece of moss or duck- 
weed, or even a chaste buttercup Is the child supposed to get some 
knowdedge it can apply economically? Whatever the underlying ideas 
may be, this course will not best develop the mind to enable it to 
grapple with all phenomena, the aim of education. If necessary, the 
school teacher must go to^ school ; he must bring himself up to date in 
his own time, as every teacher in science has to do; it is the business 
of Universities to help him, for nothing is more important to all science 
than the foundations of knowledge. 

Into schools is now moving the teaching required for the first 
professional examination in medicine, and this profoundly affects the 
whole attitude of teachers. It has a syllabus approved by the Union 
of Medicine, the ' apprenticeship ’ to which is as real and as difficult to 
alter as that of any expert trade with its own union. It compels the 
remembering of a number of anatomical facts relating to a miscellaneous 
selection of animals and plants, and the acquirement of a certain 
amount of technique. How^ever it may be taugbt, its examination can 
almost invariably be passed on memory and manual dexterity ; it implies 
no standard of mental ability Anatomy without function and know- 
ledge of an organism without reference to its life is s\irely futile And 
yet, too often, this is what our colleagues concerned with the second 
year of this apprenticeship directly or indirectly compel us to teach 
in the first year. Surely it is time for us to rebel and insist that what 
is required is education as to the real meaning of what life is. We 
shall never reach complete agreement as to a syllabus, bu’t probably 
we are all at one in regarding reproduction as the most interesting 
biological phenomenon, and water and air as the most important environ- 
ments . 

Unfortunately most Universities have adopted this in many ways 
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unscientific and rather useless first Medical Examination as part, of 
{Tieir fii^st examination for the B.Sc. degree and for diplomas and 
degrees in agriculture, dentistry, and other subjects. Zoology is part 
of a syllabus in which half a dozen pi-ofessors are concerned, and it 
cannot change with the times without great difficulty. Onr colleagues 
of other sciences do not want it to change, preferring that- a rival subject, 
to attract pupils should remain in a backwash ; to be just, each has 
hrm belief in the subject he knows. For our continuation courses, 
having choked out the more thinking students, we have to go on as 
we have begun, and we survey the animal kingdom in a more or less 
S3^stematic manner. We carefulty see that all onr beasts are killed 
before we commence upon them; we deal solely with their compara- 
tive anatomy, to which are often added some stories of * evolution/ 
The whole an attempted history of the animal kingdom. There are 
great educational merits in the study of the comparative anatomy of 
a group of similar animals, but too often we go io g^'oup after group, 
the student attaining all that is educational in the first, onl_v securing 
from each subsequent group more and more facts which might just 
as well be culled from text-books. 

Students who continue further and take the final honoiu's in zoology 
specialise in most Universities in their last year in some branch of 
their science. Such students are usually thinking of the subject from 
the point of view of their subsequent livelihood. They have to think 
of what will pay and in what branches there is, in their TTniversity, 
some teacher from whom they can get special instruction. They rend 
up the most modern text-book, examine a few specimens, and are often 
given the class they desire by examiners who know less of t-heir 
speciality than they do. They are then supposed to he qualified botli 
to teach and research in zoology. They teach on the same vicious 
lines, and in research many are satisfied to become mere accumulators 
of more facts in regard to dead creatures. 

T have called this address ' Where do we stand ? " and T hope all 
who are interested will try to answer this question. Personally T 
that we stand in a most uncomfortable position, in which, to use a 
colloquialism, we must either get on or get o\it. T am certain that ihe 
progress of humanity requires us to * get on . ' 

Of you in my audience who are not workers in science T ask a 
final moment of consideration. There is no knowledge of which it 
is possible to answer the question, ' What is the use of it ? ’ for onlv 
time can disclose what are the full hearings of any piece of know- 
ledge. Let us not starve pure research because we do not see its 
immediate application. I often think that if Sir Isaac Newton, at 
the present day, discovered the law of gi'avit}’' as a result of watching 
the apples fah, someone would say, ‘Oh! interesting, no doubt; but 
my money will go to the man who can stop the maggots in them." 

On the one^side leads the path of economic research, offering more 
obvious attractions in the way of rapid results and of greater immediate 
recogmtion Their path is one trodden by noble steps, full of sacrifice 
and difficulty, worthy of treading. But let us view with still greater 
sympathy and understanding the harder path which leads workers, 
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through years of seemingly unproductive toil, to strive after the solution 
of the great basal problems of life. Such workers forfeit for themselves 
the hope of wealth, leisure, and public recognition. As a rule they die 
in harness, and leave not much beyond honoured names These are 
they who worship at the Altar of the Unknown, who at great cost 
wrest from the darkness its secrets, not recking of tlie boon they may 
bring to humanity. It is for these I plead, not for themselves as 
individuals, but for the means wherewith to keep the flame of pure 
research burning, for the laboratories and ecpiipmenl that all Universities 
need. 
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Since the last meeting ol the British Association, Treaties of Peace 
have been signed with Austria, Hungary, Bulgaria, and Turkey ; and, 
although there is still much which is unsettled, especially in the Bast, 
it is now possible to obtain some idea of the changes wrought on the 
map of Europe by the Great War. These changes are indeed of the 
most profound and far-reaching description. Old States have in some 
cases either disappeared or suffered an enormous loss of territory, and 
new States, with the very names of which we are but vaguely familiar, 
have been brought into existence. It has seemed to me, therefore, 
that it might not be altogether inappropriate to inquire into the prin- 
ciples upon which these territorial changes have been made, and to 
consider how far the political units affected by them possess the elements 
ol stability. A learned 'but pessimistic historian to whom I confided 
my intention shook his head and gravely remarked, ' Whatever you 
say on that subject will be writ in water.’ But the more I consider 
the matter the more dO' I feel convinced that certain features in the 
reconstructed Europe are of great and even of permanent value, and 
it is in that belief that I have ventured to disregard the warning which 
was given me. 

In the rearrangement of European States which has taken place, 
geographical conditions have perhaps not always had the consideration 
which they deserve, but in an inquiry such as that upon which we are 
engaged they naturally occupy the first place. And by geographical 
conditions I am not thinking primarily, or even mainly, of defensive 
frontiers. It may be true, as Sir Thomas Holdich implies, that they 
alone fo’rm the true limits of a State. But if they do we ought to 
carry our theory to its logical conclusion and crown them with barbed - 
wire entanglements. Whether mankind would be happier or even safer 
if placed in a series of gigantic compounds I greatly doubt. It is to the 
land within the frontier, and not to the frontier itself, that our main 
consideration should be given. The factors which we have to take 
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into account are those which enable a people to lead a common national 
life, to develop the economic resources O'f the region within which they 
dwell, to communicate freely with other peoples, and to provide not 
only for the needs of the moment, but as far as possible for those 
arising out of the natural increase of the population. 

The principle of self-determination has likewise played an important, 
if not always a well-defined, part in the rearrangement of Europe. The 
basis upon which the new nationalities have been constituted is on 
the whole ethnical, though it is true that within the main ethnical 
divisions advantage has been taken of the further differentiation in 
racial characteristics arising out of differences in geographical environ- 
ment, history, language, and religion. But no more striking illustration 
could be adduced of the strength of ethnic relationships at the present 
time than the union of the Czechs with the Slovaks, or of the Serbs 
with the Croats and the Slovenes. Economic considerations, of course, 
played a great part in the settlement arrived at with Germany, but on 
the whole less w^eight has been attached to them than to ethnic condi- 
tions. In cases where they have been allowed to influence the final 
decision the result arrived at has not always been a happy one. Nor 
can more be^ said for those cases where the motive was political or 
strategic. Historical claims, which have been urged mainly by Powers 
anxio'iis to obtain more than that to which they are entitled on other 
grounds, may be regarded as the weakest of all claims to the possession 
of new territory. 

When we come to examine the application of the principles which 
I have indicated to the settlement of Europe we shall, I think, find that 

promise of stability is greatest in those cases w here geographical and 
ethnical conditions are most in harmony, and least where undue weight 
has been given to conditions which are neither geographical nor ethnical. 

The restoration of Alsace-Lorraine to France has always been treated 
as a foregone conclusion in the event of a successful termination of the 
war against Germany. From the geographic, al point of view however 
there are certainly objections to the inclusion of Alsace within French 
territory The true frontier of France in that region is the Yosges not 
necessarily because they form the beat defensive frontier, but because 
^sace belongs to the Rhineland, and the possession of it brings France 
Stare which trouble with Germany may arise in the 


Nor can French claims to Alsaoe he justified on ethnical grounds 
_ihe population of the region contains a strong Teutonic element, as 
indeed does that of Northern France, and the language spoken by over 
90 per cent, of the people is German. On the other hand, it must 
be borne in mind that during the period between the annexation of 
the sOTenteenth century and its annexation by 
Germany m the nineteenth French policy appears to have been highly 
successful m winning over the sympathies of the Alsatians, just as 
German policy was no less successful in alienat- 
ing them. The restoration of Alsace must therefore be defended if 
that its inhabitants are more attached to France 
than to Germany. That attachment it will be necessary for France to 
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preserve in tlie future, as economic conditions are not altogether favour- 
able. The cotton industry of Alsaoe may perhaps attach itself to that 
of France without great difficulty; but the agricultural produce of the 
Bhine plain will as before be likely to find its best and most convenient 
market in the industrial regions of Germany. 

With regard to Lorraine the position is somewhat different. Physi- 
cally that region belongs in the main to the country of the Paris basin, 
and is therefore in a sense part of France. Strategically it commands 
the routes which enter Prance from Germany between Belgium and 
the Vosges, and from that point of view its possession is of the utmost 
importance to her. Of the native population about one-third speak 
French, and the German element is mainly concentrated in the more 
densely populated districts of the north-east. But although in these 
various aspects Lorraine may be regarded as belonging to France in a 
sense in which Alsace does not, the real argument for the restoration 
of the ceded provinces is in both cases the same. Lorraine, no less 
than Alsace, is French in its civilisation and in its sympathies. 

From the economic point of view, however, the great deposits of 
iron ore in Lorraine constitute its chief attraction for France to-day. 
just as they appear to have constituted its chief attraction for Germany 
half a century ago. But the transfer of the province from Germany, 
which has built up a great industry on the exploitation of its mines, 
to France, which does not possess in sufficient abundance coal for 
smelting purposes, together with other arrangements of a territorial or 
quasi-territorial nature made partly at least in consequence of this 
transfer, at once raises questions as to the extent tO’ which the economic 
stability of Germany is threatened. The position of that country with 
regard to the manufacture of iron and steel will be greatly affected, for 
not only does she lose, in Lorraine and the Saar, regions in which these 
manufactures w^ere highly developed, but she loses in them the sources 
from wffiich other manufacturing regions still left to her, notably the 
Buhr, drew considerable quantities either of raw materials or of semi- 
manufactured goods. For example, in 1913 the Buhr, which produced 
over 40 per cent, of the pig iron of the German Empire, obtained 15 per 
cent, of its iron or*e from Lorraine, and it also' obtained from there 
and from the Saar a large amount of pig iron for the manufacture of 
steel. Unless, therefore, arrangements can he made for a continued 
supply of these materials a number of its industrial establishments will 
have to be closed down. 

In regard to coal, the position is also serious. We need not, perhaps, 
be unduly impressed by the somewhat alarmist attitude of Mr. Keynes, 
who estimates that on the basis of the 1913 figures Germany, as she 
is now constituted, will require for the pre-war efficiency of her rail- 
ways and industries an annual output of 110,000,000 tons, and that 
instead she wull have in future only 100,000,000 tons, of which 
40,000,000 will be mortgaged to the Allies. In arriving at these figures 
Mr. Keynes has made an allowance of 18,000,000 tons for decreased 
production, one-half of which is caused by the German miner having 
shortened his shift from eight and a half to seven hours per day. This 
is certainly a deduction which we need not take into account. Mr. 
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Keynes also leaves out oi his calculation the fact that previous to the 
war about 10,000,000 tons per year were sent from Upper Silesia to 
other parts of Germany, and there is no reason to suppose that this 
amount need be greatly reduced, especially in view of Article 90 of the 
Treaty of Versailles, which provides that ‘ for a period of fifteen years 
Poland will permit the produce of the mines of Upper Silesia to be 
available for sale to purchasers in Germany on terms as favourable 
as are applicable to like products sold under similar conditions in Poland 
or in any other country. ’ We have further to take into account the 
opportunities for economy in the use of coal, the reduction in the 
amount which will be required for hunkers, the possibility of renewing 
imports from abroad — to a very limited extent indeed, but still lo some 
extent — and the fact that the French mines are being restored more 
rapidly than at one time appeared possible. (On the basis of the 
production of the first four months of 1920 Germany could already 
reduce her Treaty obligations to France by 1,000,000 tons per year.) 
Taking all of these facts into account, it is probably correct to say that 
when Germany can restore the output of the mines left to her to the 
1913 figure, she will, as regards her coal supply for mdnsirial ])urposes. 
be in a position not very far removed from that in which she was in 
1910, when her total consumption, apart from that at the mines, was 
about 100,000,000 tons. 

The actual arrangements which have been made, it is true, are in 
some cases open to objection. The Saar is not geographically part of 
France, and its inhabitants are German by race, language, and sym- 
pathy. It is only in the economic necessities of the situation that a 
defence, though hardly a. justification, of the annexation of the coal- 
field can be found. The coal from it is to be used in the main for the 
same purposes as before, whereas if it had been left to Germany much 
of it might have been diverted to other purposes. In 1913 the total 
production of Alsace-Lorraine and the Saar amounted to about 
18,000,000 tons, while their consumption was about 14,000,000 tons. 
There is thus apparently a net gain to France of a'boiit 4,000,000 tons, 
but from that must be deducted the amount which the North-East of 
France received from this field in pre-war days. Switzerland also will 
probably in future continue to draw part of its supplies from the Saar. 

The stipulation that Germany should for ten years pay part of her 
indemnities to France, Belgium, and Italy in kind also indicates an 
attempt to preserve the pre-war distribxition of coal in Europe, though 
in some respects the scales seem to have been rather unfairly weighted 
against Germany. France, for example, requires a continuance of 
Westphalian coal for the metallurgical indxistries of UoiTaine and the 
Saar, while Germany requires a continuance of Ijorraine ore if her iron- 
works on the Buhr are not to be closed down. There was therefore 
nothing unreasonable in the German request that she should be secured 
her supplies of the latter commodity. Indeed, it would have been to 
the advantage of both countries if a clause similar to Article 90, which 
I have already quoted, had been inserted in the Treaty. It is true 
that temporary arrangements have since been made which will ensxire 
to Germany a considerable proportion of her pre-war consumption of 
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minette ores. But some agreement which enabled the two separate 
but complementary natural regions of the Saar and the Ruhr to exchange 
their surplus products on a ibuainess basis would have tended to an 
earlier restoration of good feeling between the two countries. 

One other question which arises in this connection is the extent 
to which the steel industry of Germany will suffer by the loss of the 
regions from which she obtained the semi-manufactured products neces- 
sary for it. On this subject it is dangerous to prophesy, but when we 
take into consideration the length of time required for the construction 
of modern steelworks, the technical skill involved in their management, 
and the uncertainties with regard to future supplies of fuel, it seems 
unlikely that Prance will attempt any rapid development of her steel 
industry. In that case the Ruhr will still continue to be an important 
market for Lorraine and the Saar. 

Our general conclusion, then, is that the territorial arrangements 
which have been made do not necessarily imperil the economic stability 
of Germany. The economic consequences of the war are really much 
more serious than the economic consequences of the peace. Germany 
has for ten years to make good the difference between the actual and 
the pre-war production of the French mines which she destroyed. Her 
own maners are working shorter hours, and as a result her own pro- 
duction is reduced, and as British miners are doing the same she is 
unable to import from this country. For some years these deductions 
will I'epresent a loss to her of about 40,000,000 tons per annum, and 
will undoubtedly make her position a serious one. But to give her 
either the Saar or the Upper Silesian coalfields would be to enable her 
to pass on to others the debt which she herself has incurred. The re- 
duction of her annual deliveries of coal to France, Belgium, and Italy 
was, indeed, the best way in which to show mercy to- her. 

The position of Poland is geographically weak, partly because its 
surface features are such that the land has no well-marked individuality, 
and partly because there are on the east and west no natural boundaries 
to prevent invasion or to restrain the Poles from wandering 
far beyond the extx-eme limits of their State. Polish geographers 
themselves appear to be conscious of this geographical infirmity, 
as Vidal de la Blache would have termed it, and in an 
interesting little work Nalkowski has endeavoured to show that 
the very transitionality of the land between east and west entitles 
it to be regarded as a geographical entity. But transitionality is rather 
the negation of geographical individuality than the basis on which it 
may be established. And indeed no one has pointed out its dangers 
more clearly than Nalkowski himself. * The Polish people,' he says, 
‘ living in this transitional country always were,' and still are, a prey 
to a succession of dangers and struggles. They should be ever alert 
and courageous, remembering that on such a transitional plain, devoid 
of strategic frontiers, racial boundaries are marked only by the energy 
and civilisation of the people. If they are strong they advance those 
frontiers by pushing forward ; by weakening and giving way they promote 
their contraction. So the mainland may thrust out arms into the sea, 
br, being weak, may be breached and even overwhelmed by the ocean 
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iioods.’ If we bear an mind the constant temptation to a people winch 
is strong to advance its political no less than its racial hontiers, and 
the constant danger to which a weakening' people is exposed of finding 
its political frontier contract even more rapidly than its lacial, we shall 
iieahse some of the evils toi which a fcitate oasing its existence oii 
transitionality is exposed. 

It IS, then, to racial feeling, rather than to geographical environ- 
ment, that we must look for the basis of the new Polish Stale, but 
the intensity with which this feeling is likely to operate vanes consider- 
ably in different parts of the region wdiicli it is proposed to include, 
in ‘the plebiscite area of Upper Silesia there were, according to the 
census of 190U, wdnch is believed to represent the facts more accurately 
than that of 1910, seven Poles to three of other nationalities. ^ In 
Prussian Poland, apart from the western districts which have not been 
annexed to Poland and the town and district of Bromberg, the Poles 
number at least 75 per cent, of the total population, and m the ceded 
and plebiscite areas of East and West Prussia 5*2 per cent. Russian 
Poland, which contains rather more than two-thirds of the eiitii'e popiiJa- 
tion of what w'e may call ethnic Poland, has 9,5U(),UUt) Poles and over 
3,000,000 Jews, Germans, Lithuanians, and others, while West Galicia 
is almost solidly Polish. Thus out of a total population uf 21,UU(J,000 
wdthin the regions mentioned the Poles number 15,500,000, or about 
75 per cent. 

Bearing these facts in mind, it is possible tO' consider the poienlinlities 
of the new' State. The population is sufficiently large and the Polish 
element wdtliin it is sufficiently strong to justify its independence on 
ethnical grounds. Moreover, the alien elements which it contains are 
united neither by racial ties nor by contiguity of settlement. In Posen, 
for example, there is in the part annexed to ]'*oland a definitely Polish 
population wdth a number of isolated German settlements, while m 
Russian Poland the Jews are to be found mainly in the townis. Con- 
sidered as a whole, Poland is at least as pure racially as the United 
States. 

When we consider the economic resources of Poland we see that 
They also make for a strong and united State. It is true that in tlie 
past the country has failed to develop as an economic unit, but this 
is a natural result of the partitions and of the different economic 
systems which have prevailed in different regions. Even now, however, 
we can trace the growdh of tw'o belts of industrial activity which wull 
eventually unite these different regions togetlier. One is situated on 
the coalfield running from Oppeln in Silesia by Cracow' and T^emberg, 
and is engaged in mining, agriculture, and forestry; while the other 
extends from Posen by Lodz to Waraaw, and has much agidcnltnral 
wealth and an important textile industry. Moreover, tlie conditions, 
geographical and economic, are favourable to the growth of international 
trade. If Poland obtains Upper Silesia she will have more 
coal than she requires, and the Upper Silesian fields will, 
as in the past, export their surplus produce to the surrounding 
countries, while the manufacturing districts wull continue to find 
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their best markets in the Eussian area to the east. The outlets 
of the State are good, for not only has it for all practical purposes 
control of the port of Danzig, but it is ahle to^ share in the navigation 
of the Oder and it has easy access to the south by w ay of the Moravian 
Gap. 

It seems obvious, therefore, that Poland can best seek compensation 
for the weakness of her geographical position by developing the natural 
resources which lie within her ethnic frontiers. By such a policy the 
cliherent parts of the countiy^ will be more closely bound to one another 
than it is possible to bind them on a basis of racial affinity and national 
sentiment alone. Moreover, Poland is essentially the land of the 
Vistula, and whatever is done tO' improve navigation on that river will 
similarly tend to have a unifying effect upon the country as a whole. 
The mention of the Vistula, however, raises one point where geo- 
graphical and ethnical conditions stand in marked antagonism tO' one 
another. The Poles have naturally tried to move downstream tO' the 
mouth of the river which gives their country what little geographical 
individuality it possesses, and the Polish corridor is the expression of 
that movement. On the other hand, the peoples of East and West 
Prussia are one and the same. The geographical reasons for giving 
Poland access to ihe sea are no doubt stronger than the historical reasons 
for leaving East Prussia united to the remainder of Germany, but 
strategically the position of the corridor is as bad as it can be, and the 
solution arrived at may not be accepted as final. 

Lastly, we may consider the case of East Galicia, which the Poles 
claim not on geographical grounds, because it is in reality part of the 
Ukraine, and not on ethnical grounds, because the great majority of 
the inhabitants are Little Pwussians, but on the ground that they are 
and have for long been the ruling race in the land. It may alsO' be 
that they are not uninfluenced by the fact that the region contains 
considerable stores of mineral oil. But as the claim of the Poles to 
form an independent State is based on the fact that they form a separate 
race it is obviously unwise to w^eaken that claim by annexing a land 
which counts over 3,000,000 Puuthenes to one- third that number of 
Poles. Further, thei same argument which the Poles use in regard to 
East Galicia could with no less reason be used by the Germans in 
Upper Silesia. Mr. Keynes, indeed, suggests that the Allies should 
declare that in their judgment economic conditions require the inclusion 
of the coal districts of Upper Silesia in Germany unless the wishes of 
the inhabitants are decidedly to the contrary. It is not improbable 
that East Galicia would give a more emphatic vote against Polish rule 
than Upper Silesia will give for it. If Poland is to ensure her position 
she must forget the limits of her former empire, turn her back on the 
Russian plain, with all the temptations which it offers, and resolutely 
set herself tO’ the development of the basin of the Vistula, where alone 
she can find the conditions which make for strength and safety. 

Ozecho- Slovakia is in various ways the most interesting country in 
the reconstructed Europe. Both geographically and ethnically it is 
marked by some features of great strength, and by others which are 
a source of considerable weakness te it. Bohemia by its physical 
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structure and its strategic position seems designed by Nature to be 
the home of strong and homogeneous people. JVtoravia attaches itself 
more oi* less naturally to it, since it belongs in paxt to the Bohemian 
massif and is in part a dependency of that massif. Slovakia is Carpathian 
country, with a strip of the Hungarian plain. Thus, while Bohemia 
possesses great geographical individuality and Slovakia is at least 
strategically strong, Cz echo- Slovakia as a whole does not possess geo- 
graphical unity and is in a sense strategically weak, since Moravia, 
which unites the two upland wings of the State, lies across the great 
route which leads from the Adriatic to the plains of Northern Europe. 
The country might easily, therefore, be out in two as the result of a 
successful attack, either from the north or from the^ south. Later I 
shall endeavour to indicate certain compensations arising out of this 
diversity of geographical features, but for the moment at least they do 
not affect our argument. 

We have, further, to note that the geographical and ethnical con- 
ditions are not altogether concordant. In Bohemia there is in the 
basin of the Eger in the north-west an almost homogeneous belt of 
German people, and on the north-eastern and south-western border- 
lands there are also strips of country in which the Germanic element 
is in a considerable majority. It is no doubt true, as Mr. Wallis has 
shown, that the Ozechs are increasing in number more rapidly than 
the Germans, but on ethnical grounds alone there are undoubtedly 
strong reasons for detaching at least the north-western district from 
the Ozecho- Slovak State. We feel justified in arguing, however, that 
here at least the governing factors are and must be geographical. To 
partition a country which seems predestined by its geographical features 
to be united and independent would give rise to an intolerable sense 
of injustice. I do not regard the matter either from the strategic or 
from the economic point of view, though both of these are no doubt 
important. What I have in mind is the influence which the geographical 
conditions of a country exercise upon the political ideas of its inhabi- 
tants. It is easy to denounce, as Mr. Toynbee does, ‘ the pernicious 
doctrine of natural frontiers,’ but they will cease to appeal to the human 
mind only when mountain and river, highland and plain cease to appeal 
to the human imagination. With good sense on both sides the difficulties 
in this particular case are not insurmountable. The Germans of the 
Eger valley, which is known as German Bohemia, have never looked 
to Germany for leadership nor regarded it as their home, and their 
main desire has hitherto been to form a separate province in the Austrian 
Empire. A liberal measure of autonomy might convert them into 
patriotic citizens, and if they would but condescend to learn the Czech 
language they might come to play an important part in the government 
of the country. 

In Slovakia also there are racial differences. Within the mountain 
area the Slovaks form the great majority of the population, but in the 
valleys, and on the plains of the Danube to which the valleys open out, 
the Ma^ar element predominates. Moreover, it is the Magyar element 
which is racially the stronger, and before which the Slovaks are 
gradually retiring. Geographical and ethnical conditions therefore 



E. GEOGRAPHY. 


y 


unite in fixing the political frontier between Magyar and Slovak at the 
meeting place of hiU and plain. But on the west such a frontier would 
have been pohtically inexpedient because of its length and irregularity, 
and economically disadvantageous because the river valleys, of which 
there are about a dozen, would have had no easy means of communi- 
cation with one another or with the outside world. Hence the frontier 
was carried south to the Danube, and about 1,000,000 Magyars were 
included in the total population of 3,500,000. Nor is the prospect of 
assimilating these Magyars particularly bright. The Germans in 
Bohemia are cut off from the Fatherland by mountain ranges, and, as 
we have seen, it does not appear to present any great attraction to them. 
It is otherwise in Slovakia, where the Magyars of the lowland hve in 
close touch with those of the Alfold, and it may be long ere they 
forget their connection with them. The danger of transferring terri- 
tory not on geographical or ethnical, but on economic, grounds could 
not be more strikingly illustrated. 

With regard to economic development, the futm’e of the new State 
would appear to be well assured. Bohemia and Moravia were the most 
important industrial areas in the old Austrian Empire, and Slovakia, 
in addition to much good agricultural land, contains considerable stores 
of coal and iron. But if Cz echo- Slovakia is to be knit together into a 
political and economic unit, its communications will have to be 
developed. We have already suggested that the geographical diversity 
of the country offers certain compensation for its lack of unity, but 
these cannot be taken advantage of until its different regions are more 
closely knit together than they are at present. The north of Bohemia 
finds its natural outlet both by rail and water through German ports. 
The south-east of Bohemia and Moravia look towards Vienna. In 
Slovakia the railways, with only one important exception, converge upon 
Budapest. The people appear to be alive to the necessity of remedying 
this state of affairs, and no fewer than fifteen new railways have been 
projected, which, when completed, will unite Bohemia and Moravia 
more closely to one another and Slovakia. Moreover, it is proposed 
to develop the waterways of the country by constructing a canal from 
the Danube at Pressburg to the Oder. From this canal another will 
branch off at Prerau and run to Pardubitz on the Elbe, below which 
point that river has still to be canalised. If these improvements are 
carried out the position of Gzecho- Slovakia will, for an inland State, 
be remarkably strong. It will have through communication by wator 
with the Black Sea, the North Sea, and the Baltic, and some of the 
most important land routes of the Continent already run through it. 
On the other hand, its access to the Adriatic is handicapped by the 
fact that in order to reach that sea its goods will have to pass through 
the territory of two, if not of three, other States, and however well the 
doctrine of economic rights of way may sound in theory, there are 
undoubted drawbacks to it in practice. Even with the best intentions, 
neighbouring States may fail to afford adequate means of transport 
through defective organisation, trade disputes, or various other reasons. 
It is probable, therefore, that the development of internal communica- 
tions will in the end be to the advantage of the German ports, and 
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more especially oi Hambiii'g. But the other outlets oi the State will 
certainly tend towards the preservation of its economic independence. 

The extent to which Bumania. has improved her position as a result 
of the war is for the present a matter of speculation. On the one hand 
she has added greatly to the territory which she previously held, 
and superhcialiy she has rendered it more compact; but on the other 
she lias lost iier unity O'f outlook, and strategically at lea^t w eakeiied 
her position by the abandonment of the Carpatlnans as her frontier. 
Again, whereas before the war she had a fairly homogeneous popula- 
tion — probably from 90 to 95 per cent, of the 7,25u,000 people in the 
country being of Bumanian stock — she has, by the annexation of 
Transylvania, added an area of 22,UU0 square miles of territory, in 
which the Bumamans number less than cue and lialf out oi' a total 
of two and two-third millions. In that part of the Banat which she 
has obtained there is also a considerable alien element. It is in this 
combination of geographical division and ethnic intermixture that we 
may foresee a danger to Bumanian unity. That part of the State wBioh 
is ethnically least Bumanian is separated from the remainder of the 
country by a high mountain range, and in its geographical outlook nO' 
less than in the racial sympathies of a great number of its inhabitants 
is turned towaids the west, while ijre-war Bumania remains pointed 
towards the south-east. Economically also there is a diversity of 
interest, and the historical tie is perhaps the most [juteni i'actor in 
binding the two regions together. It is not impossible, therefore, that 
two autonomous States may eventually be established, more or less 
closely united according to circumstances. 

The position in the Dobruja is also open to criticism Geographi- 
cally the region belongs to Bulgaria, and the Danube will always be 
regarded as their true frontier by the Bulgarian people. Ethnically its 
composition is very mixed, and whatever it was originally, it certainly 
was not a Bumanian land. But after the Bumanians had rather un- 
willingly been compelled to accept it in exchange for Bessarabia, filched 
from them by the Bussians, their numbers increased and their economic 
development of the region, and more especially of the port of Con- 
stanza, undoubtedly gave them some claims to the northern part of it. 
As so often happens, however, when a country receives pari (if a natural 
region beyond its foixner boundaries, Bumania is fertile in excuses for 
annexing more of the DobiujfU To the southern part, wdiich she it'ceived 
after the Balkan wars, and in the possession of which she has been 
confirmed by the peace terms with Bulgaria, she has neither ethnically 
nor economically any manner of right. The southern Dobruja is a 
fertile area which, before its annexation, formed the natural hinterland 
of the ports of Varna and Buschuk. Her occupation of it wdil inevitably 
draw Bumania on to further intervention in Bulgarian affairs. 

The arrangements which have been made with regard to the Banat 
must be considered in relation to the Magyar position in the Flungarian 
plain. ^ The eastern country of the Banat, Krasso-Szorduy, has a 
population which is in the main Bumanian, and as it belongs to the 
Oa^rpathian area it is rightly included with Transylvania in Bumanian 
territory. In the remainder of the Banat, including Arad, the 
Bumanians form less than one-third of the total population, “which also 



ES. aEOGRAPHY. 


comprises Magyars, Germans, and Serbs. The Hungarian plain is a 
great natural region, capable ol sub-division no doubt, but still a great 
natural region, in which the Magyar element is predominant. The 
natural limit of that plain is the mountain region which surrounds it, 
and to that limit at least the Magyar pohtical power will constantly 
press. But Bumania has been permitted to descend from the moun- 
tains and J'ugO'-Sla,via to cross the great nver which forms her natural 
boundary, and both have obtained a foothold on the plain where it may 
be only too easy for them to seek occasion for further advances. And it 
cannot be urged that the principle of self-determmation would have 
been violated by leaving the Western Banat to the Magyars. No 
plebiscite was taken, and it is impossible to say how the German element 
would have given what in the circumstances would have been the 
determining vote. Finally, as it was necessary to place nearly a mil- 
lion Magyars in Transylvania under Bumanian rule, it might not have 
been altogether inexpedient to leave some Bumanians on Hungarian 
soil. 

For the extension of Jugo-Slavia beyond the Danube two- pleas have 
been advanced, one ethnical and the other strategic. Neither is really 
valid. It is true that there is a Serbian area to the north of Belgrade, 
but the total number of Serbs within the part assigned to Jugo-Slavia 
probably does not much exceed 300, UOO. The strategic argument that 
the land which they occupy is necessary for the defence of the capital 
is equally inconclusive. From the military point of view it does not 
easily lend itself to defensive operations, and when we consider the 
political needs of the country we cannot avoid the conclusion that a 
much better solution might have been found in the removal of the 
capital to some more central position. The Danube is certainly a better 
defensive frontier than the somewhat arbitrary line which the Supreme 
Council has drawn across the Hungarian plain. 

In fact, it is in the treatment of the Hungarian plain that we feel 
most disposed to criticise the territorial settlements of the Peace 
Treaties. Geographical principles have been violated by the dismem- 
berment of a region in which the Magyars were in a majority, and in 
which they were steadily improving their position. Ethnical principles 
have been violated, both in the north, where a distinctly Magyar region 
has been added to Slovakia, and in the south where the eastern Banat 
and Backa have been divided between the Bumanians and the Jugo- 
slavs, who together form a minority of the total population. For the 
transfer of Arad to Bumania and of the Burgenland to Austria more 
is to be said, but the position as a whole is one of unstable equilibrium, 
and can only be maintained by support from without. In this part of 
Europe at least a Deague of Nations will not have to seek for its troubles. 

When we turn to Austria we are confronted with the great tragedy in 
the reconstruction of Europe. Of that country it could once be said 
‘Bella gerant alii, tu felix Austria nube,' but to-day, when dynastic 
bonds have been loosened, the constituent parts of the great but hetero- 
geneous empire which she thus built up have each gone its own way. 
And for that result Austria herself is to blame. She failed to realise 
that an empire such as hers could only he permanently retained on a 
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basis of common polilicai and economic interest. Instead of adopt- 
ing such a policy, howe^'er, she exploited rather than developed the 
subject nationalities, and to-day their economic, no less than their 
political, independence of her is vital to their existence. Thus it is that 
the Austrian capital, which occupies a situation uniivalled in Europe, 
and which before the war numbered over 2,000,000 souls, finds herself 
with her occupation gone. For the moment Yieiina is not necessary 
either to Austria or to the so-called Succession States, and she will not 
be necessary to them until she again has definite functions to periorm. 
I do not overlook the fact that Vienna is also an industrial city, and 
that it, as well as various other towns in Lower Austria, are at present 
unable to obtain either raw materals for their industries or foodstuffs 
for their inhabitants. But there are already indications ihal this sUiie 
of affairs will shortly be ameliorated by economic treaties with the 
neighbouring States. And what I am particularly concerned with 
is not the temporary but the permanent effects of the change which has 
taken place. The entire political re-orientation of Austria is necessary 
if she is to emerge successfully from her present trials, and such a 
re-orientation must be brought about with due regard to geograpliical 
and ethnical conditions. The two courses which are open to her lead 
in opposite directions. On the one hand she may become a member 
of a Danubian confederation, on the other she may throw in her Int 
with the German people. The first would really imply an attempt to 
restore the economic position which she held before the war, but it is 
questionable whether it is either possible or expedient for her to make 
such an attempt. A Danubian confederation \\'ill inevitably be of 
slow growth, as it is only under the pressure of economic necessity 
that it will be joined by the various nationalities of south- 
eastern Europe. The suggestions made by Mr. Asquith, Mr 
Keynes, and others, for a compulsory free-trade uniou would, if carried 
into effect, be provocative of the most intense reseiilmcnt among niosi, 
if not all, of the States concerned. But even if a Danubian confedert»- 
tion were established it does not follow that Austria would he ablr* lu 
play a. part in it similar to that which she played in the Dual Monarchy. 
With the construction of new railways and the growth of new com- 
mercial centres it is probable that much of the trade with the south- 
east of Europe which formerly passed through Vienna will in future go 
to the east of that city. Even now Pressburg, or Bratislava, to gi^•c it 
the name by which it will hence be known, is rapidly developing at the 
expense alike of Vienna and Budapest. Finally, AnsU'in. has in tlu^ 
past shown little capacity to understand the Slav people.s, and in any 
case her position in what would primarily be a Slav confederation would 
be an invidious one. For these reasons we turn to the suggestion that 
Austria should enter the German Empii'e, which, both on geographical 
and on ethnical grounds, would appear to l3e her proper place. Geo- 
graphically she is German, because the bulk of the territory left to her 
belongs either to the Alpine range or to the Alpine foreland. Tt i'^ 
only when we reach the basin of Vienna that we leave the mid-world 
mountain system and look towards the south-east of Europe across 
the great Hungarian plain. Ethnically, of course, she is essentially 
German. Now although my argument hitherto has rather endeavoured 
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to show that the transfer of territory from one State to another on 
purely economic grounds is seldom tO' be justified, it is equally indefen- 
sible to argue that two States which are geographically and ethnically 
related are not to be allowed to- unite their fortunes because it would 
be to their interest to do so. And that it would be to their interest 
there seems little doubt. Austria, would still be able to derive some 
of her raw materials and foodstuffs fro-m the Succession States, and she 
would have, in addition, a gTea.t German area in which she would find 
scope for her commercial and financial activities. Even if Naumann 
were but playing the part of the Tempter, who said ‘ All these things 
will I give thee if thou wilt fall down and worship me, ’ he undoubtedlv 
told the truth when he said ' The whole of Germany is now more open 
to the Viennese crafts than ever before. The Viennese might make 
an artistic conquest extending to Hamburg a.nd Danzig. ’ But not only 
would Austria find a market for her industrial products in Germany, she 
would become the great trading centre between Germany and south-east 
Europe, and in that way would once more be, but in a newer and 
better sense than before, the Ostmark of the German people. 

The absorption of Austria in Germany is opposed by France, mainly 
because she cannot conceive that her great secular struggle with the 
people on the other side of the Bhine will ever come to an end, and 
she fears the addition of 6,500,000 to the population of her ancient 
enemy. But quite apaifb from the fact that Germany and Austria 
cannot permanently be prevented from following a common destiny if 
they so desire, and apart from the fact that politically it is desirable 
they should do so with at least the tacit assent of the Allied Powers 
rather than in face of their avowed hostility, there are reasons for 
thinking that any danger to which France might be exposed by the 
additional man-power given to Germany would be more than compen- 
sated for by the altered political condition in Germany herself. Vienna 
would form an effective counterpoise to Berlin, and all the more so 
because she is a great geographical centre, while Berlin is more or 
less a political creation. The South German people have never loved 
the latter city, and to-day they love her less than ever. In Vienna 
they would find not only a kindred civilisation with which they would' 
be in sympathy, but a political leadership to which they would readily 
give heed. In such a Germany, divided in its allegiance between Berlin 
and Vienna, Prussian animosity to France would be more or less 
neutralised. Nor would Germany suffer disproportionately to her gain, 
since in the intermingling of Northern efficiency with Southern culture 
she would find a remedy for much of the present discontents. When 
the time comes, and Austria seeks to ally herself with her kin, we 
hope that no impassable obstacle will be placed in her way. 

The long and as yet unsettled ' controversy on the limits of the 
Italian Kingdom illustrates very well the difficulties which may arise 
when geographical and ethnical conditions are subordinated to con- 
siderations of military strategy, history, and sentiment in the deter- 
mination of national boundaries The annexation of the Alto Adige 
has been generally accepted as inevitable. It is true that 
the population is German, but here, as in Bohemia, geographical 
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conditions appear tO' speak the final word. Strategically also the 
frontier is good, and will do much to allay Italian anxiety with regard 
to the future Hence, although ethnical conditions are to some extent 
ignored, the settlement which has been made will probably be a lasting 
one. 

On the east the natural frontier of Italy obviously runs across the 
uplands from some point near the eastern extremity of the Carnic 
Alps to the Adriatic. The pre-war frontier was unsatisfactory for one 
reason because it assigned to Austria the essentially Italian region of 
the ^ower Isonzo. But once the lowlands are left on the west the 
uplands which border them on fhe east, whether Alpine or Karst, 
mark the natural limits of the Italian Kingdom, and beyond a position 
on them for strategic reasons the Italians have no claims in this direc- 
tion except what they can establish on ethnical grounds. To these, 
therefore, we turn. In Garniola the Slovenes are in a large majority, 
and in Gorizia they also form the bulk of the population. On the 
other hand, in the town and district of Trieste the Italians predominate, 
and they also form a solid block on the vest coast of Tslria, though 
the rest of that country is peopled mainly by Slovenes Tl seems to 
follow, therefore, that the plains of the Isonzo, the district of Trieste, 
and the w'est coast of Istria, with as much of the neighbouring upland 
as is necessary to secure their safety and communications, should be 
Italian and that the remainder should pass to the Jiigo-Slavs. The 
so-called Wilson line, which runs from the neighhourliood of Tarvis 
to the mouth of the Arsa, met these requirenienls fail ly 
well, though it placed from 300,000 to 400,000 Jugo-Slavs under 
Italian imle, to less than 50,000 Italians, half of whom ara 
in Fiume itself transferred to the Jugo-Slavs. Any additional 
territory must, by incorporating a larger alien element, Ih* :i 
source of weakness and not of strength to Italy. To Kiume the 
Italians have no claim beyond the fact that in the town itself they 
slightly outnximber the Groats, though in the double town of Fiinrie- 
Sushak there is a large Slav majority. Beyond the sentimental reasons 
which they urge in public, however, there is the economic argument, 
which, perhaps wisely, they keep in the background. Bo long as 
Trieste and Fiume belonged to the same empire the limits within 
which each operated w^ere fairly well defined, but if Fiume become 
Jugo-Slav it will not only prove a serious lival to Trieste, hid will 
prevent Italy from exercising absolute control over nmeh of the trade 
of Central Europe. For Trieste itself Italy has in truth little need, 
and the present condition of that city is eloquent testimony of the 
extent to which it depended for its prospenty upon the Ansti'ian and 
German Empires. In the interests, then, not only of Jiigo-Blnvi;, 
But of Europe generally, Fiume must not become Italian, and the 
idea of constituting it a Fr^ee State might \vell be abandoned. Its 
development is more fully assured as the one great port of Jugo-Blavia 
than under any other form of government . 

With regard to Italian claims in the Adriatic, little need he said. 
To the Dalmatian coast Italy has no right either on geographical or on 
ethnical grounds, and the possession of Poln, Valona, and some of the 



E. GEOGRAPHY. 


15 


islands gives her all the strategic advantages which she has reason to 
demand. But, after all, the only danger which could threaten her in 
the Adriatic would come from Jugo-Slavia, and her best insurance 
against that danger would be an agreement by which the Adriatic should 
be neutralised. The destruction of the Austro-Hungarian fleet offers 
Italy a great opportunity of which she would do well to take advantage. 

Of the prospects of Jugo-Sla-via it is hard to speak with any feeling 
of certainty. With the exception of parts of Croatia-Slavonia and of 
Southern Hungary, the country is from the physical point of view 
essentially Balkan, and diversity rather than unity is its most pro- 
nounced characteristic. From this physical diversity there naturally 
results a diversity in outlook which might indeed be all to the good if 
the different parts of the country were linked together by a well- 
developed system of conimunication. Owing to the structure of the 
land, however, such a system will take long to complete. 

Ethnic affinity forms the real basis of union, but whether that 
union implies unity is another matter. It is arguable that repulsion 
from the various peoples — Magyars, Turks, and Austrians — ^by whom 
they have been oppressed, rather than the attraction of kinship, is the 
force which has brought the JugO'- Slavs together. In any case the 
obstacles in the way of the growth of a strong national feeling are many. 
Serb, Groat, and Slovene, though they are all members of the Slav 
family, have each their distinctions and characteristics which political 
differences may tend to exaggerate rather than obliterate. In Serbian 
Macedonia, again, out of a total population of 1,100,000, there are 
400,000 to 500,000 people wHo, though Slavs, are Bulgarian in their 
sympathies, and between Serb and Bulgarian there will long be bitter 
enmity. Eeligious differences are not wanting. The Serbs belong to 
the Orthodox Church, hut the Groats are Catholics, and in Bosnia there 
is a strong Mohammedan element. Cultural conditions show a wide 
range. The Macedonian Serb, who has but lately escaped from 
Turkish misrule, the untutored but independent Montenegrin, the Dal- 
matian, with his long traditions of Italian civilisation, the Serb of the 
kingdom, a sturdy fighter but without great political insight, and the 
Croat and Slovene, whose intellectual superiority is generally admitted, 
all stand on different levels in the scale of civilisation. To build up out 
oi elements in many respects sO' diverse a common nationality without 
destroying what is best in each will be a long and laborious task. 
Economic conditions are not likely to be of much assistance. It is true 
that they are fairly uniform throughout Jugo-Slavia, and it is improbable 
that the economic interests of diflerent regions will conflict to any great 
extent. On the other hand, since each region is more or less self- 
supporting, they will naturally unite into an economic whole less easily 
than if there had been greater diversity. What the future holds for 
Jugo-Slavia, it is as yet impossible to say; but the country is one of 
great potentialities, and a long period of political rest might render 
possible the development of an important State. 

This brings me to my conclusion. I have endeavoured to consider 
the great changes which have been made in Europe not in regard to 
the extent to which they do or do not comply with the canons of 
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boundary-making, for after all there are no frontiers in Europe which 
can in these days of modern warfare be considered as providing a sure 
detence, but in regard rather to the stability of the States concerned. 
A great experiment has been made in the new settlement of Europe, 
and an experiment which contains at least the germs of success. But 
in many ways it falls far short of perfection, and even if it were 
perfect it could not be permanent. The methods which ought to be 
adopted to render it more equable and to adapt it to changing needs 
it is not for us to discuss here. But as geographers engaged in the 
study of the ever-changing relations of man to his environment we can 
play an important part in the formation of that enlightened public 
opinion upon which alone a society of nations can be esiihlished. 
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It IS, 1 think, a President’s first duty to record the losses which 
economic science has sustained since the Association last met. A year 
a.go we had ]ust lost, on the academic side, Archdeacon Cunningham, 
and on the side of affairs, Sir Edward Holden. This year, happily, I 
have no such losses to record m either field. But it is right to name 
the death of a late enemy. Professor Gustav Colin, of Gottingen, an 
economist of the first rank, who had made a special study of English 
a.ffairs. I believe that no student of our railway history would fail to 
place Cohn’s Inquiries into English Railway Policy, published (in 
German) so long ago as 1873, first on the unfortunately very short list 
of scientific works devoted to that side of histoiw. Even when supple- 
mented by an additional volume, issued ten years later, it covers only 
what seems to-day the prehistoric penod pf our policy — before the 
Act of 1888 and very long before oui* present uncertainties — ^but it is 
not yet out of date. Cohn died full of years. He was nearly eighty, 
i may mention, perhaps, with his name that of a much younger, and 
possibly more brilliant, German economist, Max Weber, ^ of Munich, 
who has died at the age of fifty-six. He once tried to explain, by a 
study of Puritan theology, the economic qualities of the Nonconformist 
business man — a very fascinating study. But his work as a whole has 
not roused much interest in England. 

By an accident the three scholars whose names I have mentioned 
were all best known, in England at any rate, as historians. And, with 
your indulgence, I will do what I think has seldom been done from- 
this chair, in making my address largely historical. History has been 
my main business in life ; and it has occurred to me that some com- 
parisons between the economic conditio-n of Europe after the great 
wars of a century ago and its condition to-day may not be without 
interest. Historical situations are never reproduced, even approxi- 
mately ; but it is at least interesting to recall the post-war problems 
which our grandfathers or great grandfathers had to face, and how 
they handled them ; to ask how far our sufferings and anxieties have 
had their parallels in the not remote past; and to note some danger 
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signals. By ‘ we ’ I mean not the British only, but all the peoples of 
■Western and Central Europe. Of Eastern Europe I only speak 
incidentally ; for I am unable as yet to extract truth from the conflicting 
and biassed evidence as to its economic condition. Moreover, there is 
still war in the Eaet. 

In 1815 France had been engaged in almost continuous wars for 
twenty-three, England for twenty-two, years. The German States 
had been at war less continuously; but they had been fought over, 
conquered, and occupied by the French. Prussia, for instance, was 
overthrown in 1806. When the final struggle against Napoleon began, 
in 1812, there was a French army of occupation of nearly 150,000 men 
in Prussia alone. From 1806 to 1814: Napoleon’s attempt to exclude 
English trade from the Continent had led to the Euglisii blockade — 
with its striking resemblances to, and its striking differences from, the 
blockade of 1914-19. Warfare was less horribly intense, and so less 
economically destructive, than it has -become in our day ; but what it 
lacked in intensity it made up in duration. 

Take, for instance, the loss of life. For England it was relatively 
small — ^because for us the wars were never people’s wars. In France 
also it was relatively small in the earlier years, when armies of the 
old size were mainly employed. But under Napoleon it became enor- 
mous. Exact figures do not exist, but French statisticians are disposed 
to place the losses in the ten years that ended with Waterloo at fully 
1,500,000. Some place them higher. As tlte population of France 
grew about 40 per cent, between 1805-15 and 1904-14, this would 
correspond to a loss of, say, 2,100,000 on the population of 1914. The 
actual losses in 1914-18 are put at 1,370,000 killed and missing; and 
I believe these figures contain some colonial troops. 

Or take the debts accumulated by victors and the requisitions or 
indemnities extorted from the vanquished. The wars of a century ago 
left the British debt at 848,000,0002. According to our success or 
failure in securing repayment of loans made to Dominions and Allies, 
the Great War will have left us with a liability of from eight to nine 
times that amount. Whether our debt-carrying capacity is eiglit or nine 
times what it was a century ago may be doubted, and cannot be 
accurately determined. But it is not, I would venture to say, less than 
six or seven times what it was, and it might well be more. A good 
deal depends on future price levels. At least the burdens are com- 
parable; and we understand better now where to look for broad shoulders 
to bear them. 

After Waterloo France was called upon to pay a w'ar indemnity of 
only 28,000,(XX>2., to be divided among all the victors. With this figure 
Prussia was thoroughly dissatisfied. Not, I think, without some 
reason. She reckoned that Napoleon had squeezed out of her alone, 
between 1806 and 1812, more than twice as much — a tremendous exac- 
tion, for she was in those days a very poor land of squires and peasants, 
whose treasury only receiv^ a few millions a year. England, who 
was mainly responsible — and that for sound political reasons — for the 
low figure demanded of France, found herself, the victor, in the curious 
position of being far more heavily burdened with debt than France, who 
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had lost. England, of course, had acquired much colonial territory ; 
hut on the purely financial side the comparison between her and France 
was most unequal. England’s total national debt in 1817 was 
848,000,000h France’s debt did not reach 2'00, 000,0001. until 1830. 

Tile reasons why France came out of the wars so well financially 
were four. First, she had gone bankrupt during the Bevohition, and 
had wiped out most of her old debt. Second, under Napoleon she had 
made war pay for itself, as the case of Prussia shows. Third, there 
was no financial operation known to the woidd in 1815 by wdiioh Eng- 
land’s war debt, or even half of it, could have been transferred to 
Prance. Fourth, England never suggested any such transference, or, 
so far as I know, ever even discussed it. 

Prance’s financial comfort, immediately after her defeat, extended 
to her cunrency. During the Devolution she had made a, classical experi- 
ment in the mismanagement of credit documents, with the assignats 
issued on the security of confiscated Church propeidy ; but after that she 
had put her currency in good order. Her final defeat in 1812-14, and 
again in 1815, did not seriously derange it. Indeed, the English 
currency was in worse order than the French, owing to the suspension 
of cash payments by the Bank of England; and so- rapidly did Prance’s 
credit recover after 1815 that in 1818 French 5 per cents, stood at 
almost exactly the present-day price of British 5 per cent War Loan. 
That year she finished the payment of her war indemnity, and the last 
armies of occupation withdrew. 

She had no doubt gained by wa.ging war, and eventually suffering 
defeat, on foreign soil. No French city had been burnt like Moscow, 
stormed like Badajoz, or made the heart of a gigantic battle like Leipzig. 
Napoleon fought one brilliant defensive campaign on French soil, in 
the valleys of the Marne and the Seine, in 1814. In 1815 his fate was 
decided in Belgium. Hardly a shot was fired in France ; hardly a French 
cornfield was trampled down. But France, as in 1918, was terribly 
short of men, and, again, as in 1918, her means of communication had 
suffered. Napoleon’s magnificent roads — he was among the greatest 
of road engineers — had gone out of repair; his great canal works had 
been suspended. These things, however, were soon set right by the 
Goveimment which followed him. 

France’s rapid recovery brings us to one of the essential differences 
betw'een Western Europe a century ago and Western Europe to-day 
In spite of Paris and her other great towns, the France of 1915 was a 
rural country, a land of peasants and small farmers. Only about 10 per 
cent, of her population lived in towns of 10,000 inhabitants or more. 
Tlie town below 10,000, in all countries, is more often a rural market 
town, idtimately dependent on the prosperity of agriculture, than an 
industrial centre. Parallels for France’s condition must be sought 
to-day in Eastern Europe — in Serbia or Russia, It is^ a condition which 
makes the economics of demobilisation easy. The young peasant goes 
back from the armies to relieve his father, his mother, and his sisters, 
who have kept the farm going. Moreover, Prance maintained a stand- 
ing army of 240,000 men after 1815; and her losses in the Waterloo 
campaign had been so heavy that the actual numbers demobilised were 
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relatively small. Demobilisation left hardly a ripple on the surface of 
her economic life. 

The Gexma.n States were far more rural in character oven than 
France. There were a few industrial districts, of a sort, in the West 
and in Saxony; a few trading towns ot some size, like llanihurg and 
l^^’rankfurt ; but there was nowliere a city comparable to Paris. In ISih 
the twenty-five cities winch were to become in our day the greatest 
of the modern German Baripire had not 1,250,000 inhabitants between 
them. Paris alone at that iinte had about ?(){), OOfh German statesmen, 
when peace came, were occupied not with problems arising fr-om the 
situation of the urban wage-earner, though such problems exisfed, but 
with how to emnucipate the peasants from the condition of seini-servility 
in which tlioy liad lived during the previous ceninry Ifen', too, domo- 
bilisatiou presented few of the prolilems familiar to us. Probably not 
one man in ten demobilised was a ])ure. wage-earner. The rest had 
links with the soil. The land, neglected during the war, was cndrig out 
for labour, and every man had his place, even if it \\as a sei rile place, 
in rural society. 

Things were different in England ; but our demobilisation problem 
was smaller than that of our Continental allies or enemies, vbo had 
mobilised national armies, though not of the modern size. On the other 
hand, we had kept an immense fleet in commission, the crews of which 
were rapidly discharged. Early in 1817 Dord Castlerca-gh stated in 
Parliament that Sd0,000 soldiers and sailors bad been dischargetl since 
tlie peace. In proportion* to population, that would be equivalent, for 
the whole United Tvingdom, to nearly 750,000 to-day. For lh(‘se men 
no provision whatever was made. They were simply thrown on the 
labour market; and the vast majority of them were cx-wage-c‘nrner.s or 
potential wage-earners, industrial, mercantile, or agricultural. fidie 
United Kingdom was not urbanised as it is to-day ; but the census of 
1821 showed that 21 per cent, of the population lived in cities of 20,000 
inhabitants and upwards, and probably about 27 per cent, (as compared 
with Prance’s 10 per cent.) lived in places of lOJK'lO and upwards. As 
industry in various forms, especially coal-mining, spinning, and weaving, 
was extensively carried on in rural or semi-rural districts, it is cculain 
that at least one demobilised man of working age in every three was a 
]iotential wage-earner of industry or commerce. And as Great Britain 
had lost most of her peasant-holders, whether owners or small working 
farmers, the remainder of the demobilised rank and file were nearly all 
of the agricultural labourer class, lliey had to find ('niploymeriti ; there 
was not a place in rural society waiting for them, a.s there was for the 
average French or German, peasant soldier. It is not surprising tint 
the years from 1815 to 1820 were, both economionlly and politically, 
probably the most wretched, difficult, and dangerou.s in modern Engli.sb 
history. 

Things were at their worst in 1816-17, both for England and for her 
continental neighbours. Western Europe was very near starvation. 
Had the harvest of 1815 not been excellent, so providing a ca ivy-over 
of com, or Had the harvest of 1817 been much below the average, 
there must have been widespread disaster; so thorough and universal 
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was the harvest failure of 1816. In the latter part of 1815 (Decem- 
ber) wheat fell in England to 556. 7tZ., altliough no grain imports were 
nllowetl, except of oats. Early in 1816 the United Kingdom was 
actually exporting a little wheat- Then came a terrible spring — a long 
Irost ; snow lying about Edinburgh in May ; all the rivers of Western 
Europe m Hood. An equally disastrous summer followed. There was 
dearth, m places amounting to real famine, evei^y where — worst of all in 
Germany. Unlike France, the German States of a century ago were 
extraordinarily ill-provided with roads. What roads there were had 
gone to pieces m the wars. In winter even the mails could hardlj' get 
through wuth sixteen and twont}^ horses Pood supplies could not be 
moved over long distances by land; and the slightly more favoured 
regions could not help the most unfortunate. There w^as a. far wider 
gap betw'een prices in Eastern and Western. Germany in 1816 than there 
had been in the last bad famine year (1772). Each German State, in 
its anxiety, began to forbid export early in 1816, thus making things 
woi'se. At Frankfurt, the representatives of the German States, 
gathered for the Diet, could hardly feed their horses. Prices rose 
amazingly and quite irregularly, with the varying food conditions of the 
various provinces. In the spring of 1817 pallid half-starved people 
w^ere wandering the fields, hunting for and grubbing up overlooked and 
rotten potatoes of the last year’s crop. 

In England the harvest failure of 1816 drove wdieat up to 103s. 7d. 
a quarter for December of that year, and to 1126. Qd. for June of 
1817. In Paris the June price in 1817 w^as equivalent to 122s. 5d. 
At Stuttgart the May price w-as equivalent to 138s. 7d. These are 
only samples. Think what these figures mean at a time when an 
English agricultural labourer’s wage w'as about 9s. 6J., and a French 
or German unskilled wage far less. It must be recalled that there 
W'Cre no special currency causes of high prices either in France or 
Germany. These were real dearth prices. In the spring of ’17 the 
French Government was buying corn wherever it could find it — in 
England, North Africa, America. — as another bad harvest w’as feared. 
Happily, the 1817 harvest was abundant, here and on the Continent. 
By September the Mark Lane price of w^heat was 77s. 7d., and the 
l^aris price 71s. Vd. 

I have gone into price details for the purpose of drawdng a contrast 
between a century ago and to-day. Except for the damage done to 
the German roads, the wars had very little to do with these food 
troubles of 1816-17. High and fluctuating food prices W'Cre the natural 
consequence of the general economic position of Western Europe a 
century ago. It wns only in the most comfoxTable age in all history — 
the late nineteenth and early twentieth centuries — that low and stable 
food prices came to be regarded as noimal. In the eighteenth century, 
when England fed herself and often had an exportable surplus, fluctua-. 
tions were incessant. Take the ten years 1750-1760. The mean price 
of wheat at Eton in ’52 was 45 per cent, above the mean price in ’50. 
The mean price in ’57 was nearly 100 per cent, above the mean price 
of ’50. On Lady Day ’57 the price was 60s. 5Jd. On Lady Day ’59 
it was 37s. 4d. On Lady Day ’61 it was 26s. Bd. The ’61 mean price 
was exactly half the ’57 mean price. 
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Eighteenth-oentury England was too well organised economically 
io be in much risk of actual famine, but for Ireland and large paris of 
the Continent famine was a normal risk. War and its effects had only 
accentuated, not created, that risk. Imports might reduce it, but could 
not avert it, because Western Europe tends tO’ have approximately the 
same harvest conditions throughout, and it was impossible io draw 
really large supplementary supplies Iroiii an^ where else. So unim- 
portant were oveiseas supplies that the Couiiueiit suifered very much 
more from the harvest failure of '16, in time of peace, than from the 
eight years’ English blockade in time of war. if overseas supplies 
could be got they were hard to distribute, owiiig Lo defective transpoil 
facilities. Thanks lo the work of the nineteenlli century, tlie most 
terrific of all wars was required to bring Western Europe face to face 
with what had been both a-w^ar-time and a peace-time risk a century 
earlier. 

But the old Europe, if it had the defects, had also the elasticity of 
a rather primitive economic organism, Gi\eii a couple of good liarvests, 
and a land of peasants soon recovers from war. Serbia iiad a good 
harvest last year (1919), and w^as at once in a stale of conipturilive 
comfort, in spite ol her years of suffering. A second good harvest 
this year, for wdiich fortunately the prospects are hivourable, would 
almost I’estore her. So it was wdth LTance and, to a less extent, 
Germany in 18,16-18. Ln France acute di.stress in 1816-17 had been 
confined to the towns and to those country distilcts wjiere ihe harvest 
failure was worst. Tiie harvest of ’17 put an end lo it. One gets ihe 
impression that Jii Germany distress among the peasants llR*mseives 
had been more widespread. Worse coiniminications and the absence of 
a strong central Goveriinient seem lo inive be(in the chief caiuses of 
this, though perhaps the harvest failure was more complete. in 
France, as we have seen, the central Governnienl i-<K>k such ULdiun 
as was possible in the interests of tiie wliole country, A parallel 
might be -drawn between the German situation in 1815-17 and that 
of the States which have arisen from the lireak-up of tlio old Austro- 
Hungarian Empire since 1918. Freed from French doininatiozi, an<l 
then from the urgent necessity of co-operating against !i common 
enemy, the German States relapsed into thoir ancient jeaiousiOK and 
conflicting economic policies, just as the new >States, which Vverc 
once subject to the Itajzsburgs, liave been forbidtiing eX[>arts of food 
and fuel and disputing with ozie another. 

An excellent harvest in 1817 averted the risk of famin-e in Gei’inany 
also-; but anything that could be called pr-osperity was long delaycHl, 
whereas France W'as indispniably prosperous, judgod hy the standards 
of the day, and farmoj‘e contented than England, hy lHlH-20. Germany 
had neen so exhausted by the wars and incessuiii ttnahonai changes 
of the Napoleonic age, and was politically so divided, that her economic 
life remained stagnant and lier poverty' great until at least IB3f). ft 
was all that the various Governments could do io find money for the 
most essential of all economic measures— ihe repair and construction 
of roads — whereas France had her splendid main roads in order again 
and had resumed work on her cansds before 1820. But France had 
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cut lier losses nearly ^twenty years before, and had enjoyed continuous 
freedom from war on her own territory between 1794 and 1814, as we 
have seen. She had been well, if autocratically , governed, and her war 
indemnity was but a trifimg burden. Her peasants were free and, as 
a class, vigorous and hopeful. She was united and conscious of her 
leadership in Europe, even through her ultimate defeats. 

If the experience of Europe after Waterloo is, on the whole, of good 
augury for agncultm*al States, and especially for agricultural States 
with a competent central Government, for the industrialised modern 
world that experience is less encouraging. Great Britain alone was 
partially industrialised m 1815-i^O, aud Great Britain, though victorious, 
suffered acutely. Mismanagement was largely responsible for her 
sufferings — -misma'nagemen,t of, or rather complete indifference to, 
problems of demobilisation ; mismanagement of taxes (the income tax 
was abandoned at the clamour of interested parties, and the interest on 
the huge debt paid mainly from indirect taxes, which bore hea.vily 
on the poor) ; mismanagement of food supplies, by the imposition of the 
Corn Law ; and sO' on. But suffering due to international economic dis- 
location following war could not have been avoided by management, 
however good. The situation was unique. England alone of the Euro- 
pean Powers had developed her manufactures to some extent on what 
we call modern lines. During the wars she had accumulated also great 
stores of colonial and American produce, which could only get into 
Europe with difficulty — by way of smuggling. In 1813, before Napo- 
leon's first fall, her manufacturers and merchants were eagerly awaiting 
peace. In 1814 manufactures and colonial produce were imshed over, 
only to find that, much as Europe desired them, it could not pay the 
price. It had not enough to give in exchange; and England, being 
rigidly protectionist, was not always prepared to buy even what Europe 
had to give. There was no machinery for international buying credits, 
l^vlerchants shipped at their own risks, usually as a venture, not against 
a firm order as to-day, and they had to bear their own losses — often up 
to 50 per cent. Continental economic historians have hardly yet for- 
given us for this ‘ dumping, ' which both drained away the precious 
metals to England — as there was not much else to pay with — ^and did 
a great deal of harm to the struggling young factory industries, which 
had begun to grow up under the protection of Napoleon's anti-English 
commercial pohcy. 

British exporters were so badly bitten in 1814 that, when peace 
finally came next year, after Waterloo, they were nervous of giving 
orders at home — which was very bad for the manufacturing industries 
and for the men who sought employment in them. There was the 
curious situation in 1816 that, while the price of wheat was rushing 
up, most other prices were falling, the bottom of the market being 
often reached at the end of the year, when the confidence of buyers 
and shippers began to revive. Raw cotton, for instance, which had 
touched 2s. 6d. a lb. in 1813-14, fell to a minimum of Is. 2d. in 
1816 — although Europe was open and cotton badly needed. 

It is as yet too early to work out a parallel between this post-war 
commercial and industrial slump and the slump that followed the Great 
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War of 1914-18, for we have not yet had it. But it is coming. More 
certainly, I am inclmed tO' believe, in the United ttiales than in JEng- 
land ; but pretty certaanly here also. 1 say more certainly in tlie U nited 
{States becanse her position bears most resemblance to that of BngLand 
in 1815-17. Consider that position. What before the war was, on 
the balance, a debtor country has become a creditor country. That 
creditor is equipped to export both raw materials and manufactures — 
iron and steel goods paiticularl^r — on a. huge scale. It is true she is a 
heavy importer of some foods, such as sugar, cuifee, and tea, and of 
certain raw materials, such as rubber, timber, and wool. But, owing 
to her tariil system and her general policy, she is reluctant to take many 
things which her debtors have to offer. Her recent ‘ diy ’ policy, for 
example, has shut her markets tO' one of Trance’s most valuable 
exports, an export with which Prance has always been in ihc habit 
of paying her creditors. Already, 1 notice, American business men 
are beginning to point out what English business men stated clearly 
in a famous document, the Petition of the -London MerLdianls, a 
century ago — that the country which will not buy, neither shall it sell. 
This was the most solid of all free-trade arguments in this early nine- 
teenth century, and it has lost none of its force. No doubt America 
is, and will be, glad to take part payment in gold, just as England 
was in 1814-16. But that is not a x^ermanent solution, if she remains 
a creditor nation — and there is no present reason to think that sho 
will not — she must in time arrange to take more goods from outside. 
Her political processes, however, are slow ; and it seems unlikely that 
she will have adjusted her policy before the post-war slump is upon 
her. 

The United Kingdom, which, on the whole, still takes freely what 
its customers have to offer it, is in a better xDOsition, 
customers can go on offering. This may pi*ove an imx)ortant proviso. 
Customers who have been little hurt or even helped by the war — Spain, 
perhaps, or Egypt, or India, or New Zealand — should continue good 
buyers. But the uncertainty gives cause for anxious iliought in the 
case of the war-damaged nations, allied and ex-enemy. Moderii financial 
and commercial organisation have postponed the critical monient in 
a way that was imxiossible a century ago. When Enrax)e was hungry 
in 1816 there were not food suipluses available anywhere on the earth, 
nor shipping enough on the seas, nor means of tranHi)ori gCKxI enough 
on land, to relie\'e her ?3eed. If, per t/it pnssilule, there* had iHxm all 
these things, there would have been no country or gi'oux) business 
men anywhere ready to give her the necessary credit on a large scale. 
The Bothschilds, a young firm in those days, did something. They 
advanced money to a few German princes to buy corn for their poox5l<'^ 
at the Baltic ports, for there was some corn to spare from Poland and 
Bussia. But the huge food-financing operations of 1918-20 would have 
been as unthinkable as the actual handling of tlie focxlstuffs would 
have been impossible. Had two harvests like that of 1816 come in 
succession, there would have bjen famine and food riots everywhere, 
past hope of cure. 

♦Similarly modern finance is postponing the critical moment for the 
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international trade in manufactures. British business men in 1919-20 
liave not, 1 believe, often sent their g'oods abroad in hope of finding 
a vent for them, and then been forced to content themselves with 
prices far below" cost of production, as their grandfathers were in 1814-16. 
Every kind of financial device — ^long private credit, assistance from 
banks, credits given by Governments — ^lias been called in, so that trade 
may be resumed before the w"ar -damaged nations are in a position to 
pay for what they need by exporting the produce of their own labour. 
The more industrial the damaged nation is, the more complex is the 
restarting of her economic activity. Corn growls in nine months, and 
pigs breed fast. The start once given, countries like Denmark and 
Serbia, both of which are normally great exporters of pigs or bacon, 
could soon pay for necessary imports of machinery or fertilisers bought 
on long credit to restart their rural industries. The United Kingdom, 
the least damaged of all the combatants except America, is believed 
by the Chancellor of the Exchequer to be now rather more than paying 
its way. That may be sanguine, but at the worst our accounts are 
nearly balanced. What might not have happened in 1919 if modern 
methods for postponing payment had not been applied internationally *? 
The other chief combatants are far from paying their way. Italy is 
importing abnormal quantities of ’food and also her necessary raw 
materials with the aid of American and English credits, while Germany, 
who can get little in the way of credit, has hardly begun even to import 
the raw materials to make the goods by the export of w"hich she may 
eventually pay her way, not to mention her indemnities. I have in 
mind such materials as cotton, wool, rubber, copper, oil-seeds, and 
hides — all of which she imported heavily in 1913. Some materials, 
of course, she possesses in abundance, but the working up even of these 
IS hampered by her coal position. I make no political pleas : T merely 
illustrate the complexity of the resta-rting of industry under present- 
day conditions. France has the first claim to assistance in restarting, a 
claim -which we all recognise ; but for the comfort and peace of the 
world a universal restart is desirable. 

The central problem is one which I can only indicate here, not 
discuss. Its discussion is for experts w"ith full inside knowledge from 
month to month, and the answer varies for every country. It is — w"hen 
wnh the inability of the w"ar-damaged nations to pay for all that they 
wont, in food and materials, in order tO' restart full economic activity, 
make itself felt by the nations w"ho» are supplying them, primarily, that 
IS, the United States and ourselves? In 1814-16, when the problem 
wos, of course, infinitely smaller because nations were so much more 
self-sufficing, the reaction came at once for lack of long organised 
credits. Conceivabl3% all other combatants might do irt turn what- we 
seem to hnvie done — that is, adjust tbeir trade balance within a reason- 
able period and so avoid renewal of special credits. In that case the 
post-war trade slump would come, not as an international crisis, but as a 
gradual decline, when the first abnormal demand for goods of all kinds 
to replenish stocks is over. Already this type of demand is slackening 
in certain quarters. We shall do very well if we have nothing worse 
than that gradual decline, which would be eased, in our case, by #ur 
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extensive connections with undamaged countries, and by our ^Yi^ingness 
to buy most things which any nation has to offer. The situation would 
be still further eased if countries such as Germany and Eussia were to 
develop in turn what might be called a reconstruction demand, to take 
the place of the satisfied reconstruction demands of our Allies. But the 
fear, as I think the quite reasonable fear, expressed in some well- 
infomed quarters, is that, in view of the complicated and dangeroiis cur- 
rency position in many countries ; in view of the difficulty which the war- 
damaged nations have in collecting taxes enough to meet their ohlipM- 
tions ; in view of the slowness with which soane of them are raising 
production to the level of consumption ; in view of the complete uncer- 
tainty of the political and economic future in much of Central and 
Eastern Europe — that in view of these things, and quite apart from pos- 
sible political disturbances, we shall have to go through a genuine crisis, 
as distinct fi'om a depression; a crisis beginning in the field of fniance, 
when some inteimational obligation cannot l>e met or some inteimationat 
credit cannot he renewed, spreading to industry and giving us a. had spell 
of unemployment, comparable with the unemployment of the post-war 
period a century ago, and more dangerous because of the high sianda-rd 
of living to which the people in this and some other countries is becom- 
ing accustomed. 

Personally, I am less apprehensive for the industrious of this country 
than are many, whose opinions I should oi'dina-ril^?’ he disposed to prefer 
to my own. A demand, an effective demand, exists for many things 
that we can supply in great regions outside the war area — in China, 
for instance, where there is said to be at this mornent a keen , demand 
for machinery which the United Kingdom is too much preoccupied with 
other work to supply. Nor do T fear that a crisis will originnie here: 
as I am disposed to think that our currency and taxation position is 
already relatively sound. But we should he bound to feel fho reactions 
of a crisis which might occur elsewhere : to what extent is, however, rpiiio 
impossible to foresee. 

One final comparison. An extraordinary feature of the great, wars 
of a century ago was that they coincided with a. steady growth of popu- 
lation, and were followed by a period of rapid growth. For the 
United Kingdom that fact is well known and not surprising. We 
lost relatively few men in war. But the official French figures, 
27,500,000 in 1801 and 29,500,000 in 1816, are so remarkable that 
one is tempted to doubt the first enumeration. Though remarkable, 
the figures are, however, not impossible; and it must be recalled ihai 
the losses were spread over many years. British population has grown 
a little since 1914 ; in spite of separations of man and wife and our three- 
quarters of a million dead. A main reason has, however, been the 
suspension of emigration, which was proceeding at a rate of over 290,000 
a year just before the war. France estimates a dead loss -of over 
3,000,000 (on 39,700,000) between 1913 and 1918 on her old territory. 
Her 'Census is due next year. Comparatively early in the war the 
German civilian death rate was above the birth rate ; so presumably she 
is in^ much the same position as France. But, owing to changes of 
frontier and continued unrest, it is as yet too early to estimate the total 
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effeci of the Great War on population. For Western and Central Europe 
it must, I think, have produced a considerable neb loss. For Bussia 
one can hardly guess ; but her population is so largely rural and grew so 
amazingly fast before 1914, that it would not surprise me very much to 
learn that, with all her miseries, it had been maintained. 

The growth of population in Europe after 1815 coincided with the 
spread of the first industrial and agricultural revolution outwards from 
the United Kingdom. The world was learning new ways to feed and 
clothe itself; and it continued to learn all through the century. I 
myself do not suppose that the age of discovery is at an end, so our 
troubles may be eased as time goes on; and although I have not the 
slightest wish that population should ever again grow so fast as it grew 
in Europe during the nineteenth century, I see no reason why a moderate 
rate of growth should not be resumed, in a few years at latest. But 
perhaps I have already committed prophecy, or half prophecy, more 
than is altogether wise for one in my position. 
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The importance oi research in all branches ci industry is now becoming 
fully recognised. It is hardly necessary to point out the great possi- 
bilities of the Board of Scientific and Industrial Beseaich, formed 
just before the war, or to lay stress on the attention which has been 
called to the need for lesearch by events during the war. Probably 
in no branch of the Services was more research work done than m 
the Air Service, and the advances made m all directions in connection 
with flying were astonishing. My own work was confined to problems 
connected wdth materials of construction, and as a result of that work 
I have come to the conclusion that the time has come when the funda- 
mental data on which the engineering theories of the strength and 
suitability of materials are based require thorough overhauling and 
revision. I believe that the present is a favourable time for this w’ork, 
but 1 think that attention needs to be drawn to it, lest research work 
13 ail diveited to the problems which attract more attention, owing 
to their being in the forefront of the advancing engineering knowdedge, 
and lest the necessary drudgery is shirked m favour of the more 
exciting new discoveries. 

It has been very remarkable how again and again in aeroplane 
engineering the problems to be solved have raised iundamental ques- 
tions m the strength and properties of materials which had never been 
adequately solved. Some of these questions related to what may be 
termed theory, and some related to the physical properties of materials 
I propose to-day to describe some of these problems, and to suggest 
the direction in which revision and extension of our fundamental 
theories and data are requii-ed and the lines on which research should 
be undertaken. Let us consider first one of the oldest materials of 
construction — timber. Timber was of prime importance in aircraft 
construction. The first peculiarity o-f this material which strikes us 
is that it is anisotropic. Its grain may be used to locate three principal 
axes — along the grain, radially across the grain, and tangentially across 
the grain. It is curious that there do not appear to be generally 
recognised terms for these three fundamental directions. A very few 
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tests cii’s sutlicient/ to sliow ttiat its stFengtii is enoi nio usly gie&tei 
Liiong the gram tiran across it. How, then, is an engineer to calculate 
llie strengrh ot a wooden member ^ There is no theory, in a ioirn 
available tor the engineer, by wliicli the strength oi members made 
oi‘ an anisotropic material can be calculated. 

I fancy 1 may be told that such a theory is not required — that 
experience shows that the ordinary theory is quite near enough. How 
utterly misleading such a statement is X will try to show' by a few 
examples. Suppose a wooden tie or strut is cut from the tree obliquely 
so that the gram does not he parallel to its length. In practice it 
IS never possible to ensure that the gram is accurately parallel to the 
length ol the member, and often the deviation is considerable. How 
much IS the member weakened? This comparatively simple problem 
has been of immense importance in aeroplane construction, and, thanks 
to the researches made during the war, can be answered. The solution 
has thrown a flood of light on many failures which before were obscure. 
If the tensile strengths of a piece of timber are, say, 18,000 Ib./sq. in. 
along the grain and 800 Ib./sq. in. across it (radially or tangentially; 
and the shear strength is 900 Ib./sq. in. along the grain — these figures 
correspond roughly with the strengths of silver spruce — then if a 
tensile stress be applied at any angle to the gram the components 
of that stress m the principal directions must no't exceed the above 
strengths, or failure will occur. Thus we can draw curves limiting 
the stress at any angle tO' the gram, and similar curves may be drawn 
for compression stresses. These theoretical curves have been checked 
experimentally, and the results o-f the tests confirm them closely, except 
in one particular. The strengths at small inclination to the grain fall 
even faster than the theoretical curves would lead us to expect. The 
very rapid drop in strength for quite small deviations is most striking. 

Similar curves have been prepared for tensile and compressive 
stresses inclined in each of the three principal planes for spruce, ash, 
walnut, and mahogany, so that the strengths of these timbers to resist- 
forces in any direction can now be estimated reasonably accurately. 

As a second example consider the strength of plywood. Plywood 
is the name given to wood built up of several thicknesses glued 
together wflth the grain in alternate thicknesses running along and 
across the plank. The result of this crossing of the grain is that the 
plywood has roughly equal stren^h along and across, the plank. Ply- 
w^ood is generally built up of thin veneers, which are cut from the 
log by slicing them off as the log revolves in a lathe. 

Owing to the taper in the trunk of the tree and to other irregularities 
in form, the grain in the veneer rarely runs parallel to the surface, 
but generally runs through the sheet at a more or less oblique angle. 
As a consequence the strength of plyw^ood is very variable, and tests 
show that it is not possible to rely on its having more than half the 
strength it would have if the grain in the veneers were not oblique. 
It is therefore obviously possible to improve the manufacture enor- 
mously by using veneers split off, following the grain, in place of the 
present sliced veneers. The superiority of split or riven wood over 
out wood has been recognised for ages. I believe all ladders and ladder 
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rungs are riven. Hurdles, hoops, and laths are other examples. Knees 
in ships are chosen so that the grain follows the required outline. 

Owing to the enormous difference in strength in timber along and 
across the grain, it is obviously important to get the grain in exactly 
the right direction to bear the loads it has to carry. The most perfect 
example I ever saw of building up a plywood structure to support all 
the lovads on it was the frame of the German Schutte-Lanz airship, 
which was made entirely of wood. At the complex junctions of the 
various girders and ties the wood, which w^as built up of very thin 
veneers — hardly thicker than plane shavings — layers were put on most 
ingeniously in the direction of every stress. 

During the war I have had to reject numerous types of built-up 
struts intended for aeroplanes, because the grain of the wood was in 
the wrong direction to bear the load. The example shown — a McGruer 
strut — is one of the most elegant designs, using the grain correctly. 

Many of the tests applied to timber are wrong in theory and conse- 
quently misleading. Por example, the common method of determining 
Young’s modulus for timber is to- measure the elastic deflectmn of a 
beam loaded in the middle and to calculate the modulus by the ordinary 
theory, neglecting the deflection due to shear, which is legitimate in 
isotropic materials ; but in timber the shear modulus is very small — for 
example, in spruce it is only about one-sixtieth of Young’s modulus — 
and consequently the shear deflection becomes quite appreciable, and 
the results obtained on test pieces of the common proportions lead to 
errors in the calculated Young’s modulus of about 10 per cent. 

The lantern plates show three standard tests ; the first is supposed 
to give the shearing strength of the timber, but these test pieces fail 
by tension across the grain — not by shearing. Professor Eobertson 
has shown that the true shear strength of spruce is about three times 
as great as the text-book figures, and has designed a test wKich gives 
fairly reliable results The second figure represents a test intended to 
give the mean strength across the grain, but the concentration of stress 
a.t the grooves is so great that such test pieces fail under less than half 
the proper load. This fact was shown in a striking manner bv narro-w- 
ing a sample of this shape to half its width, when it actually bore a 
greater total load—?' e , more than double the stress borne bv the 
original sample. The third figure represents a test piece intended to 
measure the rather vague quality, ‘ strength to resist splitting. ’ The 
results actually depend on the tensile strength aci*oss the grain, on the 
elastic constants, and on the accidental position of the bottom of the 
groove relatively to the spring or autumn wood in the annular rings. 
Unless the theory is understood, rational tests cannot be devised. 

There are some valuable tropical timbers whose structure is far 
more complex than that of our ordinary northern woods. The grain in 
these timbers grows in alternating spirals — an arrangement which at 
first sight is almost incredible. The most striking example of this type 
of wood I have seen is the Indian ‘ Poon. ’ The sample on the table 
has been split in a series of tangential planes at varying distances from 
the centre of the tree, and it will be seen that the grain at one depth 
is growing in a right-hand spiral round the trunk; a little farther out 
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h grows straight up the trunk ; further out again it grows in a left- 
hnnd spiral, and this is repeated again and again, with a pitch of about 
two inches. The timber is strong and probably well adapted for use 
in large pieces — it somewdiat resembles plywood — but it is doubtful 
whether it is safe in small pieces. No' theory is yet available for esti- 
mating its strength, and very elaborate tests would be needed to 
determine its reliability in all positions. I had to reject it for aero- 
planes during the war for want of accurate knowdedge of its 
properties. 

These examples show how necessary it is to have a theory for the 
strength of anisotropic materials before we can either understand the 
causes of their failure or make full use of their properties or even test 
them rationally. 

The second material we shall consider is steel, and in dealing with 
it I do not wish to enter into any of the dozen or sO' burning questions 
which are so familiar to all metallurgists and engineers, but to call 
your attention to a few more fundamental questions. Steel is not 
strictly isotropic — ^but we may consider it to be so to-da 3 n The first 
obvious question the engineer has to answer is, ‘ What is its strength? ’ 
The usual tests give the Ultimate Strength, Yield Point, Elastic Limit, 
the Elongation, the Reduction of Area, and perhaps the Brinell and 
Izod figures. On which o-f these figures is the dimension of an engine 
part, which is being designed, to be based? If we choose the Ultimate 
Strength we must divide it by a large factor of safety — a factor of 
ignorance If we choose the Yield Point we must remember that none 
of the higher-grade steels have any Yield Point, and the nominal Yield 
Point depends on the fancy of the tester. This entirely imaginary 
point cannot be used for accurate calculation except in a very few 
special^ cases. Can we base our calculation on the Elongation — the 
Reduction of Area — ^the Izod test? If we face the question honestly we 
realise that there is no known connection between the test results and 
the stress, we can safely call on the steel to bea.i. The only connecting 
link is that cloak for our ignorance — ^the factor of safety. 

I feel confident that the only reliable property on which to base 
the strength of any engine part is the suitable Fatigue Limit. We 
have not yet reached the position of being able to specify this figure, 
but a considerable number of tests show that in a wide range of steels 
(though there are some unexplained exceptions) the Fatigue Limh for 
equal ih stresses is a little under half the Ultimate Strength, and is 
independent of the Elastic Limit and nominal Yield Point, so that the 
Ultimate Strength may he replaced as the most reliable guide to true 
strength, with a factor — no longer of ignorance, hut to give the fatigue 
limit — of a little over 2. 

If the Fatigue Limit is accepted as the only sound basis for strength 
calculation for engine parts, and it is difficult to find any valid objection 
to it, then it is obvious that there is urgent need for extensive researches 
in fatigue, for the available data are most meagre. The work is 
laborious, for there is not one Fatigue Limit, but a continuous series, 
as the signs and mapiitudes of the stresses change. Many problems in 
connection with fatigue are of great importance and need much fuller 
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investigation than they have sO' far received — e-g-, the effect of speed 
of testing'; the effect of rest and heat treatment in restoring fatigued 
material ; the effect of previous testing at higher or lower stresses on 
the apparent fatigue limit of a test piece. Some observers have found 
indications that the material may possibly be strengthened by subject- 
ing it to an alternating stress below its fatigue limit, so that the results 
of fatigue tests may depend on whether the limit is approached by 
increasing the stress or by decreasing it. 

Improved methods of testing are alsoi needed — particularly methods 
which will give the results quickly. Stromeyer’s method of measur- 
ing the first rise of temperature, which indicates that the fatigue limit 
is passed, as the alternating load is gradually increased, is most promis- 
ing ; it certainly will not give the true fatigue limit in all cases, for it 
has been shown by Bairstow that with some ranges of stress a finite 
extension occurs at the beginning of a test and then ceases, under 
stresses lower than the fatigue limit. But the fatigue limit in that 
case would not be a safe guide, for finite changes of shape are not 
permissible in most machines, so that in that case also Stromeyer’s 
test may be exactly what is wanted. It can probably be simplified in 
detail and made practicable for commercial use. Better methods of 
testing in torsion are also urgently needed, none of those at present 
used being free from serious defects. Finally, there is a fascinating 
field for physical research in investigating the internal mechanism of 
fatigue failure. Some most suggestive results have already been 
obtained, which extend the results obtained by Ewing. 

For members of structures which are only subjected to steady loads 
I suggest that the safe stress might be defined by limiting the corre- 
sponding permanent set to a small amount — perhaps ^ per cent, or 
i per cent. This principle has been tentatively adopted .in some of the 
aircraft material specifications by specifying a Proof Load which must 
be sustained without a permanent extension of more than ^ per cent. 
Whether this principle is suitable for all materials and how it will 
answer in practice remains to be proved by experience. It is at any 
rate a possible rational basis for determining the useful strength of a 
material undex* steady loads. 

The relation between the proof stress and the shape of the stress- 
strain dia^gram is shown in the lantern slide. The curve is the record 
of an actual test on a certain copper alloy. If a length A B correspond- 
ing to per cent, elongation be set ofi along the base line and a line B P 
be drawn through the point B parallel to the elastic line, to cut the curve 
in P, then the stress at P is the stress which will give i per cent, 
permanent set. Though i per cent, may appear rather a large 
permanent set to allow it will be seen from the figure that it is less 
than the elastic elongation would have been at the same stress, and we 
do not usually find elastic elongations serious. 

As a commercial test the proof load is very easily applied. For this 
alloy the specified proof load is shown by the horizontal line so labelled. 
This load is to be applied and released, and the permanent extension is 
required by the specification to be less than ^ per cent. This sample 
passes the test easily. On the figure the condition for complying with 
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the specification is that the curve shall fall above Q. But the test does 
not require the cui've to be determined. 

If we admit that the fatigue limit is the proper basis for engine- 
strength calculations, there are a. number of interesting modifications 
required in the common theory of the strength of materials. It will 
no longer be possible to neglect, as has been so general in the past, the 
uneven distribution of stress in irregularly shaped parts of machines. 
It has been generally recognised that sharp corners should be avoided 
when possible, but no theory is a,vailable to enable the stresses at corners 
to be calculated or to enable their effect on the strength of the member 
to be estimated. If fatigue is the critical factor in failure under fluc- 
tuating stresses such theory is most necessary. Even the roughest 
guide would be of great value. The nature and magnitude of the con- 
centrations of stress which occur in practice have been investigated 
experimentally by Professor Ooher by his elegant optical method which 
has given most valuable results, some of which are already being used 
m designing offices. If the mathematical theory is too difficult, it may 
be possible to lay down practical rules deduced from such experimental 
results — but the method still has many limitations, perhaps the most 
serious being that it can only be used on fiat models. I believe Professor 
Coker expects to be able to extend the method to round models. 

As a simple example to show the importance of the subject let us 
consider the effect of a groove round a. straight round bar subject to 
alternating tension and compression — such a groove as a screw thread. 
There will be a concentration of stress at the bottom of the groove 
The ratio of the stress at the bottom of a groove to the mean stress in 
the bar has been worked out mathematically by Mr. A. A. Griffith, and 
his calculations have been confirmed experimentally by his elegant soap- 
bubble method. The ratio depends on the relation between the depth 
of the groove, the radius at the bottom, and slightly on the 
angle between the sides. For a Whitworth form of thread the ratio 
will be about 3. If the Fatigue Limit is exceeded at the bottom of the 
groove the metal will fail and a minute crack will form there ; this crack 
will soon sjoread right across the bar and total failure will result- Thus 
we see that the safe mean stress in the bar will be reduced to one-third 
what a plain bar wdll bear. The truth of this theory regarding the 
importance of concentrations of stress has still to be proved experi- 
mentally ; if true, it is of far-reaching importance, since it applies to all 
concentrations of stress in machine part-s subject to fluctuating loads. 

The theory does not apply to steadily loaded members ; in these the 
local excess of stress is relieved by the stretching of the minute portion 
which is overloaded, and no further consequences follow. 

The theory appears to apply to grooves however small, and has an 
important bearing on the smoothness of the finish of machine parts. 
The surface of any engine part finished by filing is certainly entirely 
covered with scratches. Emery likewise leaves the surface scratched — 
though the scratches are smaller. If, however, polishing be carried 
further the surface may ultimately be freed from scratches and left in a 
burnished condition. In this condition amorphous metal has been 
smeared over the surface — the smooth appearance is not simply due 
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to the scratches being toO' small to see. The strength — under alternat- 
ing stresses — a^npears to depend on the form of the scratches, and if the 
ratio of radius at the bottom of the scratch to its depth is fairly large^ 
very little weakening occnrs. It seems probable in the ordinary engineer- 
ing finish produced by emery and oal that the scratches are broad and 
shallow. This subject is being investigated. A considerable amount of 
evidence has been collected from practical experience pointing to the 
important effect which a smooth finish has on the strength of heavily 
stressed engine parts. 

Fatigue is probably the cause of failure of wires in wire ropes. A 
good deal of valuable experimental work has been done on the life of 
ropes, but so far as I am aware there is no satisfactory theory of their 
strength. This subject also requires research, and it seems probable 
that valuable practical results might follow if the true explanation of 
the cause of the breakages of the wires was determined. 

These are only examples, but they may be sufficient to show how 
much work both experimental and theoretical requires to be done to 
give the engineer a really sound basis for the simplest strength calcula- 
tions on any moving machinery. But there are more fundamental 
questions still which must be tackled before the simplest questions of 
all which meet the engineer can be answered scientifically. The two 
most urgent and most important questions which I met with during the 
war in connection with aircraft were always the same — Why did some 
part bi'eak? and, What is the best material to use for that part? It was 
most disconcerting to find how inadequate one’s knowledge was to 
answer these two simple questions. The common answers are: To the 
first : * It broke because it was too weak, make it stronger, ’ and to the 
second : ' General practice indicates such a material as the best — better 
not try any other or you may have trouble. ’ In aircraft weight is 
paramount, and to make a part stronger — i.e., heavier — had to be the 
last resort, and when used was almost a confession of failure. * General 
practice ’ was no guide in aeroplane engines, which are built of the 
strangest materials. The origins of fractures were traced to many 
causes, often lying far away from the site of the breakage; but with 
these I am not concerned to-day. I wish to confine our consideration to 
the actual fracture and to ask, * What stress caused the fracture? ’ and* 
' What property of the metal was absent which would have enabled 
it to withstand that stress? ’ And again, ‘ What other material pos- 
sesses suitable properties to withstand the stresses better? ’ These are 
the fundamental questions which I have referred to — and which urgently 
need answers. 

As an example I will take a broken propeller shaft, tt has broken 
in a beautiful spiral fracture. What stress causes that? I have failed 
to explain it by any of the facts I know about the steel it is made of. 
It is, of course, a fatigue fracture — i.e., it spread gradually. The 
questions to be answered are, Did it fail under tension, bending or 
torsion? and, Why was a spiral direction followed by the failure as it 
spread ? 

It may be objected that the question is unimportant. I think not. 
For example, till we can determine the nature of the stress we cannot 
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indicate the nature of the load — thus I cannot say if it broke under 
a torsional load (possibly torsional vibration) or under a bending load 
(possibly due to some periodic variation of thrust on one of the pro- 
peller blades as it passed an obstruction). Until the nature of the load 
which caused the failure is known, it is very difhcult to take steps to 
guard against similar accidents. For the most urgent reasons, there- 
iore, we re(^uire to be able to understand the fracture, as in nearly all 
aircraft problems men’s lives hang on the answer. 

Turning now to the question ot the most suitable material, I will 
take as an example the material for the crankshaft of an aeroplane 
engine. A few months before the Armistice there were difficulties in 
getting sufficient supplies of the high-grade nickel-chrome steel forgings 
then in general use for shafts, and proposals were made to use a plain 
carbon steel. Such a steel would be about 30 per cent, weaker, accord- 
ing to the ordinary tests. A conference of leading metallurgists and 
engineers was held to discuss the suggestion. No one present ventured 
to predict whether the weaker steel would answ^er or not, or whether 
the dimensions would have to be increased or not. It was pointed out 
that a French engine was now using 60-ton steel with better results 
than when using the 100-ton steel for which it was designed, no 
changes in dimensions having been made. Such a reduction of strengtli 
might be understood in ordinary engineering where there are large 
margins of safety, but in an aeroplane engine, in which every ounce 
of metal is cut off which can be spared, they show how completely 
ignorant engineers are of what the suitability of material depends on. 

As another example, Why are oxygen cylinders annealed — repeat- 
edly y Annealing reduces the steel to its weakest condition. I believe 
the fondness for annealing is due to our ignorance of the properties 
we require. Perhaps the quality of steel which an engineer fears most 
IS brittleness. He believes that annealing will soften it and reduce the 
brittleness; so he anneals, blindly. The fact is that we do not know 
what brittleness is — we cannot define it — we cannot measure it — 
though there are endless empirical tests to detect it. Till we know 
what it means and can measure it we are in a miserable position. 
During the war I was consulted on what could be done to reduce the 
•enormous weight of oxygen cylinders, and I advised that experiments 
snould be made on the high-quality alloyed steel tubes we were using 
in aircraft construction. The department dealing with these tubes 
took the matter up, and alloyed steel cylinders, properly heat-treated, 
were made. These were, I believe, a success, and only weighed a 
small fraction of the old-fashioned cylinders. But my suggestion was 
little more than a guess, and no means was known of accurately testing 
the suitability of the material, so they were only accepted after passing 
any number of empirical tests, consisting of various kinds of rough 
usage, to see if, they would crack or burst. Surely an engineer should 
be able to say whether &, cylinder is safe without dropping it from 
the roof or rolling it down the front-door steps to see if it breaks. 

These examples refer only to different grades of the same material — 
steel ^but how far worse off we are when the problem is whether some 
other alloy would be suitable to replace steel. Proposals have been 
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made, lor example, to replace the very hard steel used at present 
for connecting-rods by duralumin or some other torged aluminium 
ahoy, it seems worth trying ; but who, in our present state of ignorance 

of the real properties of metals, will say if the experiment will be a 

success ? 

How difficult it IS to prophesy may be illustrated by the results of 
two empirical tests on duralumin and steel sheets of the same thick- 
nesses. The ultimate strengths and elongations of the steel and the 
duralumin were roughly equal. The lantern slides show that under 
reverse- bend tests they both follow the same law, the steel being the 
better. But under the cupping test they follow opposite laws. 

The suitability of different materials presumably depends on their 
fundamental physical properties. These may be many, but some 

physicists think that they are probably really very few, and that, 

knowing these few , it may be possible to deduce all the complex 
properties required by the engineer and to' state wdth certainty how’ 
materials will behave under any conditions of service This is the most 
fundamental problem which needs solution to enable the knowledge 
of the strength of materials to be put on a sound foundation. It will 
need the co-operation of able physicists, metallurgists, and engineers 
to solve it- 

While urging the importance of research in the fundamental theories 
of stress and fundamental properties of materials, 1 wish to lay special 
stress on the nature of the researches required. Engineers are intensely 
practical men, and their practice has generally been ahead of their 
theory. The difficulties they have met have been dealt with, often with 
the greatest ingenuity and skill, as special problems. They have seldom 
had time or opportunity to solve the general problems, and as a result 
they are used to making their experiments and trials as close a copy — 
usually on a smaller scale — of the real thing as possible. The results 
obtained in this w^ay, while they are applicable to the particular 
problem, are of little general use. They depend on many factors. The 
researches I am no'\v advocating must be of a diametrically opposite 
description. They must be absolutely general, and the results must 
depend on one factor only at a time, so that general laws may be 
established which wull be applicable tO' all special problems. 

There ore many other similar gaps in our knowledge to which I 
have not time to refer to to-day. I have tried to show that we need 
most of all a real knowTedge of the fundamental properties of materials, 
from which we shall be able to deduce their behaviour in any condition 
of service, so that we may be able to compare the relative merits of 
diverse materials for any particular purpose. 

Secondly, that w^e need a practical method of calculating the stresses 
in parts of any form, so that concentrations of stress may be avoided 
or that their magnitudes may be known and allowed for. 

Thirdly, that we need a rational connecting link between the tests 
made on materials and the stresses they will bear in service, to replace 
the factor of safety. I have suggested two tests, the Proof Hoad and 
the Fatigue Limit, which might be used directly in estimating the allow- 
able working stress. 
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Fourthly, that we need a mathematical theory for the strength of 
anisotropic materials, ol which timber is an extreme and important 
example. 

When the notes for this address were first drafted I ended by an 
appeal to the Board of Scientific and Industrial Eesearoh to undertake 
the necessary research work. Since then the Aeronautical Besearch 
Committee has been constituted, and a sub-committee has been 
appointed to deal with ‘Materials.’ I have great hopes that the 
committee will tackle many of these problems. I will therefore conclude 
by appealing to all who can help to assist that committee in their 
endeavour to solve these most important and fascinating, but most 
difficult, problems. 
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Antliropuhujij — the Und'ersl an cling of Man — should be, if Pieri© 
ChuTon were coriect, the true science and the true study of mankind.^ 
\V6 might anticipate that in -our days — in this era of science — a-nthro- 
]iolO'gy in its broadest sense would occupy the same exalted position 
that theology occupied in the Middle Ages \Ye should hail it ‘ Queen 
of the Sciences,’ the crowning study of the academic curriculum. 
Why is it that we are Section H and not Section A ? If the ans\^ er 
be given that such is the result of liistoric evolution, can we still be 
satisfied with the iiosition that anthropology at present takes up in our 
British PTniversities and in our learned societies*^ Have our univer- 
sities, one and all, anthropological institutes well filled with enthusi- 
astic students, and are there brilliant professors and lecturers teaching 
them not only io^ undersland man’s past, but to use that knowledge to 
forward his future ? Have we men trained during a long life of study 
and research to represent our science in the arena, or do we largely 
trust to dilettanti — to retired civil servants, to untrained travellers or 
colonial medical men for our knowledge, and to the anatomist, the sur- 
geon, or the archaeologist for our teaching ? Needless to say, that for the 
study of man w© require the better part of many sciences, we must 
draw for contributions on medicine, on zoology, on anatomy, on 
archaeology, on folk-lore and ti avel-lore, nay, on history, psychology, 
geology, and many other brandies of knowledge. But a hotch- 
potch of the facts of these sciences does not create anthropology. Tli© 
true anthropologist is not the man who has merely a. wide knowledge 
of the conclusions of other sciences, he is the man who grasps their 
bearing on mankind and thro-ws light on the past and jiresent factors 
of human evo-lution from that knowledge. 

1 “La vraye science et le vray estude de I’homme e’est PHomme.” Pierre 
Charron, De la SngesJ^e, Preface du Premier Livre, 1601. Pope, with his “ The 
proper study of mankind is Man,” 1733, was, as we might anticipate, only a 
plagiarist. 
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I am afraid I am a scientific heretic — an outcast from the true ortho- 
dox faith — I do not believe in science for its own sake. I believe only in 
science for man's sake. You will hear on every side the argument that 
it is not the aim of science to be utile, that you must pursue scientific 
studies for their own sake and not for the utility of the resulting dis- 
coveries. I think that there is a great deal of obscurity about this 
attitude, I will not say nonsense. I find the strongest supporters of 
‘ science for its own sake ’ use as the main argument for the pursuit 
of not immediately utile researches that these researches will be useful 
some day, that we can never be certain when they will turn out to be 
of advantage to mankind. Or, again, they will appeal to non-utile 
branches of science as providing a splendid intellectual training — as if 
the provision of highly trained minds was not itself a social function 
of the greatest utility ! In other y ords, the argument from utility is 
in both cases indirectly applied to justify^ the study of science for its 
own sake. In the old day^s the study of hyperspace — space of higher 
dimensions than that of which we have lahysical cognisance — used to 
be cited as an example of a non-utile scientific research. In view of 
the facts' (i.) that our whole physical outlook on the universe — and 
with it I will add our whole philosophical and theological outlooks — are 
taking new aspects under the theory of Einstein; and (ii.) that study 
of the relative influences of Nature and Nurture in Man can be 
reduced to the trigonometry of polyhedra in hyperspace — we see how 
idle it is to fence oft any field of scientific investigation as non-utile. 

Y^et are we to defend the past of anthropology — and, in particular, 
of anthropometry — as the devotion of our science to an immediate non- 
utile Nvhich one day is going to be utile in a glorious and epoch-making 
manner, like the Clifford-Einstein suggestion of the curvature of oair 
space? I fear we can take no such flattering unction to our souls. 
I fear that ‘the best is y'et to be ’ cannot be said of our multitudinous 
abservations on ‘ height-sitting ’ or on the censuses of eye or hair 
colours of our population. These things are dead almost from the day 
of their record. It is not only^ because the bulk of their recorders were 
untrained to observe and measure with scientific accuracy, it is not only 
because the records in nine out of ten cases omit the associated factors 
without which the record is valueless. It is because the progress of 
mankind in its present stage depends on characters wholly different 
from those which have so largely occupied the anthropologist’s atten- 
tion. Seizing the superficial and easy to observe, he has let slip the 
more subtle and elusive qualities on which progress, on wdrich national 
fitness for this or that task essentially depends. The pulse-tracing, 
the reaction-time, the mental age of the men under his control are far 
more important to the commanding officer — nay, I will add, to the 
employer of labour — than any record of span, of head-measurement, 
or pigmentation categories. The psycho-physical and psycho-physio- 
logical characters are of far greater w'eight in the struggle of nations 
to-day than the superficial measurements of man’s body. Physique, 
in the fullest sense, counts something still, but it is physique as 
measured by health, not by stature or eye-colour. But character, 
strength of will, mental quickness count more, and if anthropometry 
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is to be useful to the State it must tuim from these rusty old weapons, 
these measurements of stature and records of eye-oolour to more 
certain appreciations of bodily health and mental aptitude — to hat we 
may term ‘ vigonmetry ’ and to psychometry. 

Some of you may be inclined to ask: And how do you know that 
these superficial size-, shape-, and pigment-characters are not closely 
associated with measurements of soundness of body and soundness of 
mind? The answer to this question is twofold, and I must ask you 
to follow me for a moment into what a^ppears a totally different sub- 
ject. I refer tO' a ‘ pure race.’ Some biologists apparentl}' believe 
they can isolate a pure race, but in the case oi man, I feel sure that- 
purity of race is a merely relative term. For a given character one 
race is purer than a second, if the scientific measure of variation of 
that character is less than it is in the second. In loose wording, for 
we cannot expi^ess ourselves accurately without mathematical symbols, 
that race is purer for which on the average the individuals are closer to 
type for the bulk of ascertainable characters than are the characters 
in a second race. But an absolutely pure race in man defies definition. 
The more isolated a group of men has remained, the longer it has 
lived under the same environment, and the more limited its habitat, 
the less variation from type it will exhibit, and we can legitimately 
speak of it as possessing greater purity. We, most of us, probably 
believe in a single origin of man. But as anthropologists we are 
inclined to speak as if at the dawn of history there were a number of 
pur© races, each with definite physical and mental characteristics ; if 
this were true, which I do not believe, it could only mean that up to 
that period there had been extreme isolation, extremely differentiated 
environments, and so marked differences in the direction and rate of 
mental and physical ©volution. But what we know historically of 
folk- wanderings, folk-mixings, and folk-absorptions have undoubtedly 
been going on for hundreds of thousands of years, of which we know 
only a small historic fragment. Have we any real reason for suppos- 
ing that ‘ i^urity of race ’ existed up to the beginning of history, and 
that we have all got badly mixed up since? 

Let us, however, grant that there were purer races at the beginning 
of history than we find to'-day. Let us suppose a 'Nordic race with 
a certain stature, a given pigmentation, a given shape of head, and a 
given mentality. And, again, we will suppose an Alpine race, differ- 
ing markedly in type from the Nordic race. What happens if we cross 
members of the two races and proceed to a race of hybrids ? A 
Mendelian would tell us that these characters are sorted out like cards 
from a pack in all sorts of novel combinations. A Nordic mentality 
will be found with short stature and dark eyes. A tall but brachy- 
cephalic individual will combine Alpine mentality with blue eyes. 
Without accepting fully the Mendelian theory w© can at least- accept 
the result of mass observations, which show that the association 
between superficial physical measurements and mentality is of the 
slenderest kind. If you keep within one class, ray own measurements 
show me that there is only the slightest relation between intelligence 
and the size and shape of the head. Pigmentation in this country seems 
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to have little I’elation to the incidence oi disease. Size and shape of 
head in man have been taken as a rough measure of size and shape of 
brain. They cannot tell you more — perhaps not as much as bram- 
weight — and if brain-weight were closely associated with intelligence, 
then man should be at his intellectual iDrime in his teens. 

Again, too often is this idea of close association of mentality and 
physique carried into the analysis of individuals within a human grou^D, 
ne" of men belonging to one or another of the many races which have 
gone to build up our population. We talk as if it was our population 
which was mixed, and not our germplasm. We are accustomed to speak 
of a typical Englishman. For example, Charles -Darwin ; we think of 
his mind as a typical English mind, working in a typical English 
manner, yet when we come to study his pedigree we seek m vain 
for ‘ purity of race. ’ He is descended m four different lines from 
Irish kinglets; he is descended in a-s many lines from Scottish and 
Pictish kings. He had Manx blood. He claims descent m at least 
three lines from Alfred the Great, and so links up with Anglo-Saxon 
blood, but he links up also in several lines with Charlemagne and the 
Carlovingians. He sprang also from the Saxon Emperors of Germany, 
as well as from Barbarossa and the Hohenstaufens. He had Nor- 
wegian blood and much Norman blood. He had descent from the 
Dukes of Bavaria, of Saxony, of Flanders, the Princes of Savoy, and 
the Kings of Italy. He had the blood in his veins of Franks, Alamans, 
Merovingians, Burgundians, and Longobards. Pie sprang in direct 
descent from the Hun rulers of Hungary and the Greek EmjDerors of 
Constantinople. If I recollect rightly, Ivan the Terrible provides a 
Kussian link. There is probably not one of the races of Europe con- 
cerned in the folk- wanderings which has not a share in the ancestry 
of Charles Darwin. If it has been possible in the case of one Englisli- 
man of this kind to show in a. considerable number of lines how impure 
is his race, can we venture to assert that if the like knowledge were 
possible of attainment, we could expect greater purity of blood in any 
of his countrymen? What we are able to show may occur by tracing 
an individual in historic times, have we any valid reason for supposing 
did not occur in prehistoric times, wherever physical barriers did not 
isolate a limited section of mankind ? If there ever was an association 
of definite mentality with physical characters, it would break down 
as soon as race mingled freely with race, as it has done in historic 
Europe. Isolation or a strong feeling against free inter-breeding — as 
in a colour differentiation — could alone maintain a close association 
between physical and mental characters. Europe has never recovered 
from the general hybridisation of the folk-wandermgs, and it is only 
the cessation of wars of conquest and occupation, the spread of the 
conception of nationality and the reviving consciousness of race, which 
is providing the barriers which may eventually lead through isolat’on 
to a new linking-up of physical and mental characters. 

In a population which consists of non-intermarrying castes, as in 
India, physique and -external appearance may be a measure of the type 
of mentality. In the highly and recently hybridised nations of Europe 
there are really but few fragments of " pure races ’ left, and it is 
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hopeless to believe ,that anthropometric measurements of the body or 
records of pigmentation are going to help us to a science of the psycho- 
physical characters of man which will be useful to the State. " The 
modern State needs in its citizens vigour of mind and vigour of body, 
but these are not characters with which the anthropometry of the past 
has largely" husied itself. In a certain sense the school medical officer 
and the medical officer of health are doing more State service of an 
anthropological character than the anthropologists themselves. 

These doubts have come very forcibly to my notice during the last 
few years What were the. anthropologists as anthropologists doing 
during the war? Many of them were busy enough and doing valuable 
work because they were anatomists, or because they were surgeons, 
or perhaps even because they were mathematicians. But as anthropo- 
logists, what was their position‘d The whole period of the w^ar pro- 
duced the most difficult problems in folk- psychology. There were 
occasions innumerable when thousands of lives and most heavy expen- 
diture of money might have been saved by a greater knowledge of 
what creates and wdiat damps folk movements m the various races 
of the world. India, Egypt, Ireland, even our present relations with 
Italy and America, show only too painfully how difficult we find it to 
appreciate the psychology of other nations. We shall not surmount 
these difficulties untU anthropologists take a wdcler view of the material 
they have to record, and of the task they have before them if they 
wish to be utile to the Rtate. It is not the physical measui’ement of 
native races which is a fundamental feature of anthropometry to-day ; 
it is the psychometry and what I have termed the vigorimetry of white- 
as well as of dark-skinned men that must become the main subjects 
uf oiir study. 

Some of you may consider that I am overlooking what has been 
contiibuted both in. this country and elsewhere to the science of folk- 
psychology. I know at least that Wilhelm Wundt’s - great work runs 
to ten volumes. But I also know that in its 5452 pages there is 
not a single table of numerical measurements, not a single state- 
ment of the qucmfitailve association between mental racial characters, 
nor, indeed, any attempt to show numerically the intensity of 
association between folk-mentality and folk customs and institutions. 
It is folk-psychology in the same stage of evolution as present-day 
sociology is in, or as individual psychology was in before the advent 
of experimental psychology and the correlational calculus. It is 
purely descriptive and verbal. I am not denying that many sciences 
must for a long jiei’iod still remain in this condition, but at the same 
time I confess myself a firm disciple of Friar Boger Bacon ® and of 
Leonardo da Vinci, ^ and believe that vce can really know' very little 

® Its last volume also bears evidence of the non- judicial mind of the writer, 
who expresses strong opinions about recent events in the language of the party 
historian rather than the man of science. 

® He who knows not INIathematics cannot know^ any other science, and what 
is more cannot discover his own ignorance or find its proper remedies. 

^ Nissuna humana invest! gatione si po dimandare vera scientia s*essa non 
passa per le mathematiche dimostratione. 
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about a phenomenon until "we oan actually measure it and express its 
relations to other phenomena in quantitative form. Now you will 
doubtless suggest that sections of folk-psychology like Language, 
Eeligion, Law, Art — much that forms the substance of cultural 
anthropology — are incapable of quantitative treatment. I am not con- 
vinced that this standpoint is correct. Take only the first of these sec- 
tions — Ltanguage. I am by no means certain that there is not a rich 
haiwest to be reaped by the first man who can give unbroken time and 
study to the statistical analysis of language. Whether he start with 
roots or with words to investigate the degree of resemblance in 
languages of the same family, h-e is likely, before he has done, to 
learn ^ great deal about the relative closeness and order of evolution 
of cognate tongues, whether those tongues be Aryan or Sudanese. 
And the methods applicable in the case of language will apply in the 
same manner to cultural habits and ideas. Strange as the notion may 
seem at first, there is a wide field in cultural anthropology for the use 
of those same methods which have revolutionised psychometric tech- 
nique, to say nothing of their influence on osteometry. 

The problems of cultural anthropology are subtle, but so indeed 
are the problems of anthropometry, and no instrument can be too 
fine if our analysis is to b© final. The day is past when the arithmetic 
of the kindergarten sufficed for the physical anthropologist ; the day 
is coming when mere verbal discussion will prove inadequate for the 
cultural anthropologist. 

I do not say this merely in the controversial spirit. I say it because 
I want to find a remedy for the present state of affairs. I want to 
see the full recognition of anthropology as a leading science by the 
State. I want to see the recognition of anthropology by our manu- 
facturers and commercial men, for it should be at least as important 
to them as chemistr}^ or physics — ^the foundations of the. Anthropo- 
logical Institutes with their museums and professors in Hamburg 
and Frankfurt, have not yet found their parallels in commercial centres 
here- I want to see a fuller recognition of anthropology in our great 
scientific societies, both in their choice of members and in the memoirs 
published. If their doors are being opened tO' psychology under its new 
technique, may not anthropology also- seek for fuller recognition 7 

It appears to me that if we are to place anthropology in its true 
position as the queen of the sciences, we must work shoulder to shoulder 
and wmrk without intermittence in the following directions : anthropolo- 
gists must not cease : 

(i) To insist that our recorded material shall be such that it is 
ai3 present or likely in the near future to be utile to the State, using the 
wmrd ' State ' in its amplest sense. 

(ii) To insist that there shall be institutes of a.nthropology, each 
with a full staff of qualified professors, whose whole energy and time 
shall he devoted to the teaching of and research in anthropology, 
ethnology and prehistory. ’ At least three of our chief universities 
should be provided with such institutes. 

(iii) To insist that our technique shall not consist in the mere state- 
ment of opinion on the facts observed, but shall follow, if possible 
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with greater insight, the methods which are coming into use in 
epidemiology and psychology. 

I should like to enlarge a little further on these three insistencies, 
the fundamental ‘ planks ’ of the campaign I have in view. 

(i) Insistence on the Nature of the Material to he dealt with. 

I have already tried to indicate that the problems before us to-day, 
the grave problems that are pressing on us with regard to the future, 
cannot be solved by the old material and by the old methods. We have 
to make anthropology a wise counsellor of the State, and this means 
a counsellor in political matters, in commercial matters, and in social 
matters. 

The Governments of Europe have had military advisers, financial 
advisers, transport and food experts in their seiwice, but they have 
not had ethnological advisers ; there have been no highly trained anthro- 
pologists at their command. You have only to study the Peace of 
Versailles to see that it is ethnologically unsound and cannot be per- 
manent. It is no good asking why our well-meaning rulers did not 
■consult our well-m(eamiigt anthropologists. I for one confess that 
we have not in the past dealt wuth actuality, or if we did deal with 
actuality, we have not treated it in a manner likely to impress either 
the executive or the public at large. There lacked far too largely 
the scientific attitude and the fundamental specialist training I will 
not gO' so far as to say that, if the science of man had been developed 
to the extent of 23hysicai science in all European countries, and had 
then had its due authority recognised, there would have been no war, 
but I wall venture to say that the war wmuld have been of a different 
character, and w’e should not have felt that the fate of European society 
and of European culture hung in the balance, as at this moment they 
certainly do. 

No one can allow individual inspiration to-day, and you may justly 
cry a Daniel has no right to issue judgment from the high seat of 
the feast. Daniel’s business is that of the outsider, the stranger, the 
unwelcome person scrawling on the wall. 

Well, if it be hard to learn from friends, let us at least study 
impassionately from our late foes. Some of my audience may have 
read the recent manifesto of the Geiman anthropologists, their clarion 
cry for a new^ and stronger position of the science of man in academic 
studies. But the manifesto may have esca]3ed some, and so closely 
does it fit the state of affairs here that I venture to quote certain portions 
of it. After reciting the sparsity of chairs for the study of phj^sical and 
cultural anthropology in the German universities and how^ little academic 
w^eight has been given to such studies, it continues : ‘ Where these 
sciences have otherwise found recognition in the universities, they are 
not represented by specialists, so' that anthropology is provided for by 
the anatomists, ethnology by the geographers, and prehistory by 
Germanists, archaBologists and geologists, and this although, in the 
present extent of these three sciences, the real command of each one of 
them demands the complete working powders of an individ^ial. This want 
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of teaching posts had made itself felt long before the war, so that the 
number of specialists and oi those interested in our science has 
receded. ’ 

And again : 

‘ During the ar we have often experienced how in political 
pamphlets ethiiolog}' and ethnography — even as in the peace treaty of 
Brest-Litovsk — were used too often as catchwords wuthout their users 
being clear about the ideas those w^ords convey. The sad results of 
our foreign policy, the collapse of all our calculations as to national 
frames of mind, were based in no small degree on etlinographic ignor- 
ance ; one has only to take for example the case of the Turks. Ethnology 
should not embrace only the spears and clubs of the savages, but also 
the psychology and demography of the white races, the European 
peoples. At tins very moment, when the right of self-determination 
has become a foremost ctiiestion of the day, the scientific determination 
of the boundaries of a people and its lands has become a task of the first 
importance. But our Government of the past knew- nothing of the 
activity of the ethnologists, and the Universities w^ere not m the condition 
to come to* their aid, for ethnological chairs and institutes were wumting. 
The foundation of such must be the task of the immediate future. ’ 

And once more : 

‘ The problems of the military fitness of our people, of the physical 
constitution of the various social classes, of the influence of the social 
and material environment upon them, the problems of the biological 
grounds for the fall in the birth-rate and its results, of the racial com- 
position of our people, of the eventual racial differences and the accom- 
panying diverse mental cajDacities of the individual strata, and finally 
the racial changes which may take place in a folk under the influences 
of civilisation, and the bearing of all these matters on the fate of a 
nation, these are problems which can alone be investigated and brought 
nearer to solution by anthropology. Even now after the war population- 
problems stand in the forefront of interest, the question of folk-increase 
and of the falling birtE-rate is the vital question of the future. ’ 

I must ask your pardon for quoting so much, but ft seems so strongly 
to point the moral of my tale. If you will study wdiat Germany is 
feeling and thinking to-day do not hope to find it in the newspaper 
reports, seek it elsewdiere in personal communication or in German 
writings. Then, T think, you will agree with me that rightly or wrongly 
there is a conviction spreading in Germany that the wmr arose and that 
the war was lost because a nation of professed thinkers had studied all 
sciences, but had omitted to study aptly the science of man. And in 
a certain sense that is an absolutely correct conviction, for if the science 
of man stood where W'e may hope it wull stand in the dim and distant 
future, man wmuld from the past and the surrounding present have 
^me grasp of future evolution, and so have a greater chance of guiding 
its controllable factors. 

® CoTTespondenz Blatt^ u.s.w., Jahr^. L S. 37. 

« Ibid. S. 41. 

Ibid. S. 38 
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We are tar uuleecl fiom that to-day; but it befits us none the less 
to study what tins new anthropological movement in Germany connotes. 
It means that the material o-f anthropology is going to change, or rather 
that its observations will be extended into a study of the mental as 
well as the phj'sical characters, and these of the white races as well as of 
the dark. It means that anthropologists will not only study individual 
psychology, but folk-psychology. It means — and this is directly said — 
that Germany, having lost her colonies, will still maintain her trade bv 
aid of consuls, missionaries, traders, travellers, and others trained 
academically to understand both savage and civilised peoples. This is a 
perfectly fair field, and it the game be played squarely can solely lead 
to increased human sympathy, and we shall only have ourselves to 
blame if other nations are before us m their anthropological knowledge 
and its practical applications. The first condition for State support 
IS that we show our science to be utile by turning to the problems 
ot racial efficiency, of race-psychology, and to all those tasks that 
Galton described as the. first duty of a nation — ‘ in short, to make 
every individual efficient both through Nature and by Nurture 

Does this mean that we are to turn our backs on the past, to 
desert all our prehistoric studies and to make anthropology the servant 
of sanitation and commerce? Nof in the least; if you think this is my 
doctrine T have indeed failed to make myself even roughly clear to-day. 
Such teaching is wholly opposed to my view of the function of science 
I feel quite convinced that you cannot understand man of to-day, savage 
or civilised, his body or his mind, unless you know his past evolution, 
unless you have studied fully all the scanty evidence we have of the 
stages of his ascent I should like to illustrate this by an incident 
which came recently to my notice, because it may indicate to some 
of those present the difficulties with which the anthropologist has to 
contend to avoid misunderstanding. 

Looking into the ancestry of man and tracing him backward to a 
being who was no-t man and was not ape, had this prot-simio-human, 
in the light of our present knowledge, more resemblance to the gibbon 
or to the chimpanzee as we know them to-day? Some naturalists 
link man up to the apes by a gibbonlike fonn, others by a troglodyte 
type of ancestor. Some would make a push to do without either. But 
granted the alternative, which is the more probable? This is the 
problem of the hylobatic or the troglodyte origin of man. I had given 
a lecture on the subject, confining my arguments solely to characters 
of the thigh-bone. Now there chanced to be a statesman present, a 
man who has had large responsibilities in the government of many races. 

I have been honoured by seeing his comments on my lecture * I am 
not,’ he says, ‘particularly interested in the descent of man. I do 
not believe much in heredity, and this scientific pursuit of the dead 
hones of the past does not seem to me a very useful way of spending 
life. T am accustomed to this mode of study; learned volumes have 
been written in Sanscrit to explain the conjunction of the two vowels 
a” and “ u.” It is very learned, very ingenious, but not very help- 
ful. , . , T am not concerned with my genealogy so much as with my 
future. Our intellects can be more advantageously employed than in 
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finding onr diversity from the ape . . . There may be no spirit, no 
soul : there is no proof of their existence. If that is so, let us do 
away with shams and live like animals. If, on the other hand, there 
IS a soul to be looked after, let us all strain our nerves to the task ; 
there is no use in digging into the sands of time for the skeletons of 
the past : build your man for the future. ’ 

What is the reply of anthropology to this indictment of the states- 
man? You cannot brush it lightly aside. It is the statement of a 
good man and a strong man who is wulling to spend his life m the service 
of his fellows. He sees us handling fossils and potsherds and cannot 
perceive the social utilitj’ of our studies He does not believe any 
enthusiasm for human progress can lie beneath the spade and callipei^s 
of the scientific investigator He has never grasped that the man of 
to-day is precisely what heredity and his genealogy^ his past history 
and his prehistory, have made him. He does not recognise that it is 
impossible to build jmur man for the future until you have studied the 
origin of his physical and mental constitution. Whence did he draw 
his good and evil characteristics — are they the product of his nature or 
his nuifure? Man has not a plastic mind and body which the enthu- 
siastic reformer can at will mould to the model ofliis golden age ideals. 
He has taken thousands of years to grow into w^hat he is, and only by 
like processes of evolution — intensified, and speeded up, if we work 
consciously and with full knowledge of the past — can %ve build his 
future. 

It does matter in regard to the gravest problems before mankind 
to-day whether our ancestry was hyloba.tic or troglodyte. Fo]' five years 
the whole world has been a stage for brutality and violence. We have 
seen a large part of the youth who were best fitted mentally and 
physically to be parentis of future generations perish throughout Europe : 
the dysgenic effect of this slaughter will show itself each twenty to 
twenty -five years for centuries to come in the census returns of half 
the countries of the world. Science undertook w’^ork which national 
feeling bid it do, but on wdiich it will ever look back with a shuddering 
feeling of distaste, an uneasy consciousness of having soiled its hands. 
And as aftermath we see in almost every land an orgy of violent crime, 
sense of lost security, and at times we dread that our very civilisation 
may perish owing to the weakening of the social ties, a deadening of 
the responsibilities of class to class. This outbreak of violence which 
has so appalled the thinking wmrld, is it the sporadic appearance of an 
innate passion for the raw and brutal in mankind, or is it the outcome 
of economic causes forcing the nations of the world to the combat for 
limited food and material supplies?' I wush we could attribute it to 
the latter source, for then w’e could eradicate the spirit of violence by 
changing environmental conditions. But if the spirit of violence he 
innate in man, if there be times when he not only sees red but rejoices 
in it — and that was the strong impression I foi’med when I crossed 
Germany on August 1, 1914 — then outbreaks of violence will not cease 
till troglodyte mentality is bred out of man. That is why the question 
of troglodyte or hylobatic ancestry is not a pursuit of dead bones. It 
is a vital problem on which turns much of folk-psychologj^. It is a 
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problem utile to the State, in that it throws light on whether nature 
or nurture is the more likely to build up man's future — and save him 
ironi the recurrence of such another quinquennium. 

The critic to whom I have referred was not idle in his criticism. 
He had not been taught that evolutionary doctrine has its bearings on 
practical life. The biologist and the anthropologist are at fault; they 
have too often omitted to show that their problems have a very close 
relation to those of the statesman and the social reformer, and that the 
problems of the latter cannot be solved without a true insight into 
man’s past, without a knowledge of the laws of heredity, and wuthout a 
due appreciation of the causes which underlie great folk-movements. 

(ii) Insistence on Institutes of Anthropology . 

The anthropological problems of the present day ai’e so numerous 
and so pressing thah we can ahord to select those of the gi’eatest 
utility. Indeed, the three university institutes of anthropology I have 
suggested would have tO' specialise and then work hard to keep abreast 
of the problems which will crowd upon them. One might take the 
European races, another Asia and the Pacific, and a third Africa. 
America in anthropology can well look after itself. In each case we 
need something on the scale of the Paris Ecole d’Anthropologie, with 
its seventeen professors and teachers, wuth its museums and journals. 
But we want something else — a. ne^v conception of the range of 
problems to be dealt with and a new technique. Prom such schools 
would pass out men with academic training fit to become officials, 
diplomatic agents, teachers, missionaries, and traders m Europe, in 
Asia, or in Africa, men with intelligent appreciation of and syinparhy 
with the races among whom they proposed to wnrk. 

But this extra- State work, important as it is, is hardly comparable 
in magnitude with the intra- State work which lies ready to hand for 
the anthropological laboratory that has the -will, the staff, and the 
equipment to take it up efficiently. In the present condition of affaus 
it is only too likely that much of this w’-ork, being psychometric, will 
fall into the hands of the psychologist, w’hereas it is essentially the 
fitting work of the anthropologist, who should come tO' the task, if 
fith^ trained, with a knowledge of comparative material and of the 
past histoiy, mental and physical, of mankind, on which his present 
faculties so largely depend. The danger has arisen 'because the anthro- 
pometer has forgotten that it is a.s much his duty tO' measure the 
human mind as it is his duty to measure the human body, and that it is 
as much his duty to measure the functional activities of the human 
body — its dynamical characters — as its statical characters. By dyna- 
mical characters I understand such qualities as resistance to fatigue, 
facility in physical and mental tasks, immunity to disease, excitability 
under stimuli, and many kindred properties. If you tell me that we are 
here trenching on the field of psychology and medicine, I reply ; Cer- 
tainly ; yon do not suppose that any form of investigation which deals 
with man — ^body or mind — is to be omitted from the science of man ? If 
you do you have failed to grasp why anthropology is the queen of the 
sciences. The University anthropological institute of the future will 



12 


SECTIONAL ADDRESSES. 


liave attached to it a psychologist, a medical officer, and a biologist. 
They are essential portions oi its requisite staff, but this is a very 
different matter from lopping off large and important branches of its 
fitting studies, to he neglected on the ground, or to be dragged away, 
as dead wood, to be heAvn and shapen for other purposes by scientific 
colleagues in other institutes. Remember that I am emphasising that 
side of anthropology which studies man in the service of the State — 
anthropology as a utile science — and that this is the only ground 
on which anthropology can appeal for support and sympathy from 
State, from municipality, and from private donors. You will notice 
that I lay stress on the association of the anthropological institute 
with the university, and the reasons for this are manifold. In the 
first place, every science is stimulated by contact with the workers in 
allied sciences ; in the second place, the institute must he a teaching 
as well as a researching body, and it can only do this effectively in 
association with an academic centre — a centre from which to draw 
its students and to recruit its staff. In the thud place, a great university 
provides a wdde field for anthropometric studies in its students and 
its staff. And the advantages are mutual. It is not of much service 
to hand a. student a card containing his stature, his weight, his eye 
colour, and his head length ! Most of these he can find out for himself ^ 
But it is of importance to him to know something of how his eye, heart, 
and respirat’on function; it is of importance tO' him to know the general 
character of his mental qualities, and how they are associated with 
the rapidity and steadiness of muscular responses. Knowledge on 
these points may lead him to a fit choice of a career, or at any rate 
save him from a thoroughly bad choice. 

In the course of my life I have often received inquiries from school- 
masters of the following kind : We are setting up a school anthropo- 
metric laboratory, and we propose to measure stature, weight, height 
sitting, &c. Can you sug^gest anything else we should measure? 

My invariable reply is : Don’t start measuring anything at all until 
you have settled the problems you wush to answer, and then just 
measure the characters in an adequate number of your boys, which 
will enable you to solve those problems. Use your school as a labora- 
tory, not as a weighHonse. 

And I might add, if I were not in dread of giving offence ; And 
most certainly do not measure anything at all if you have Jio problem 
to solve, for unless you have you cannot have the true spirit of the 
anthropologist, and you will merely increase that material up and down 
in the schools of the country which nobody is turning to any real use. 

Which of us, who is a. paa'ent, has not felt the grave responsibility 
of advising a child on the choice of a profession ? We have before us, 
perhaps, a few meagre examination results, an indefinite knowledge 
of the self-chosen occupations of the child, and peihaps some regard 
to the past experience of the family or clan. Possibly we sav John is 
good with his hands and does not care for lessons ; therefore he slioidd 
be an engineer. That may be a correct judgment if we understand 
by engineer, the engine-driver or mechanic. It is not true if we think of 
the builders of Forth Bridges and Assuan Dams. Such men w^ork 
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With the head and not the hand. One of the functions of the anthro- 
pological laboratoi'y cf a great university, one of the i unctions of a 
school anthro2)onretnc laboratory, should be to measure those physical 
and mental characters and then inter-relations upon which a man’s 
success in a given career so much depends. Its function should be to 
guide youth in the choice of a calling, and in the case of a school to 
enable the headmaster to know something of the real nature of indi- 
vidual boys, so that that much-tried man does not feel compelled to 
hide his ignorance by cabalistic utterances when parents question hmi 
on what their son is fitted for. 

Wide, however, as is the anthropometric, material in our universities 
and public schools, it touches only a section of the population. The 
modern anthropologist has to go further; be has to enter the doors of 
the primary schools ; he has to- study the general population in all its 
castes, its craftsmen, a-nd its sedentary wmrkers. Anthropology has tot 
be useful toi commerce and to the State, not onlj* in association with 
foreign races, but still more in the selection of the right men and women 
for the staff of factory, mine, office, and transport. The selection of 
workmen to-day b}' what is tooi often a rough trial and discharge method 
is one of iJie wasteful facto-rs of p-roduction. Few" einpio3*€rs even ask 
what trades ijarents and grandparents ha.ve followed, nor consider the 
relation of a man's physique and mentality to his proposed employment. 
I admit that progress in this direction wall be slow", but if the w"ork 
undertaken in this sense by the anthropologist be w-ell devised, accurate, 
and conipreliensive, the anthropometric Laboratory wnll gradually obtaiin 
an a-ssLired iDOSition in commercial ai 3 .preciataon. As a beginning, the 
anlhropologisii by an attractive museum, b\' po-pular lectures and demon- 
strations, shonlol endeavour to- create, as Sir Francis Galton did at 
South Kensington, an anthropometric laboratoiy frequented by the 
general popiilalio-n, as w^ell as. by the academic class. Thus he will 
obtain a wider range of material. But the anthropologist, if he is to 
advance his science and .emphasase its services tO' the State, must pass 
beyond the university, the school, and the factory He must study 
W"hat makes for wastage in our present loosely organised society" ; he 
must investigate the material provided by reformatory, prison, asylums 
for the insane and. mentally defective; he must carry bis researches into 
the inebriate home, the sa.nato-rium, and the hospital, side by side w"ith 
lus medical collaborator. Here is e.ndless W"ork for the immediate 
future, and work m w"hich w-e are already" leagues behind our American 
colle'igues. For them the psychometric and anthropometric laboi'atory 
attached to asylum, prison, and reformatory is no startling innovation, 
to- be spoken of with bated brea.th. It is a recognised institution of the 
United States to-day, and from such laboratories the ‘ fiehhvorkers ' 
pass out, finding out and reporting on the share parentage and environ- 
ment have had in the production of the abnormal and the diseased, of 
the anti-social of all kinds. Some of this work is excellent, some in- 
different, some perhaps worthless, but this will always be the case in the 
expansion of new branches of applied science. The training of the 
W'orkers must be largely of an experimental character, the technique has 
to be devised as the work develo-ps. Instructors and directors have to be 
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a-ppointed, who have nob been ti'ained ad hoc. Bufc this is remedying 
itself, and if indeed, when we start, we also do not at first limp some- 
what lamely along these very paths, it will only be because we have 
the advantage of American experience. 

There is little v'onder that in America anthropology is no longer the 
stepchild of the State. It has demanded its heritage, and shown that 
it can use it for the pubhc good. 

If I have returned to my first insistence that the problems handled 
by the anthropologist shall be those useful to the State, it is because 
I have not seen that point insisted upon in this country, and it is 
because first insistence, like my third, involves the second for its 
effectiveness — the establishment in our chief universities of anthro- 
pological institutes. x\s Gustav Schwalbe said of anthropology in 1907 
— and he was a man w^ho thought before, he spoke, and whose death 
during the war is a loss to. anthropologists the whole world over — ‘ a 
lasting improvement ca-n only arise if the S'fcate recognises that anthro- 
pology is a science pre-eminently of value to the State, a science which 
not only deserves but can demand tha-t chairs shall be officially estab- 
lished for it in every university. . . Only this spread of officially 
authorised antliropologv^ in all German universities can enable it tO' fulfil 
its task, that of training men who, well a.rmed with the w^eapon of 
anthropological knowledge, will be able to place their skill at the service 
of the State, which will ever have need of them in increasing numbers.® 

Our universities are not, as in Germany, Government controlled 
institutions, although such control is j^early increasing. Here we have 
first tO' show that we are supporting the State before the State somewhat 
grudgingly will give its support to us. Hence the immediate aim of tlie 
anthropolo'gist should be — not to suggest that the State should a priori 
assist work not yet undertaken, but to do what he can with the limited 
resources^ in his power, and when he has showm that what he has 
achieved is, notwithstanding his limitations, of value to the State, then 
he is in a position to claim effective support for his science. 

I have left myself little time to place fairly before you my third 
insistence. 

(iii) Insistence on the Adoption of a New Technique. 

Vv'hat is it that a young man seeks when he enters the university. — ■ 
if we put aside for a moment any social adva.nta.ges, such as the forma- 
tion of lifelong friendships associated therewith? He seeks, or ought 
to seek, training for the mind. He seeks, or ought to seek, an open 
doorway to a calling which will be of use to himself, and wherein he 
will take his part, a useful part, in the sooial organisation of which 
he. finds himself a member. Much as we may all desire it, in the 
pressure of modem life, it is very difficult for the young man of moderate 
mea.ns to look upon the university training as something apart from 
his piofessional training. Men more a.nd more select their academic 
studies with a view to their professional value. We can no longer com- 
bine the senior wranglership with the pursuit of a judgeship ; we cannot 

5 Correspondenz Blatt, Jahrg. xxxviii. S. 68. 
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pass out in the classical tripos and aim at settling down in life as a 
Harley Street consultant; we cannot take a D.Sc. in chemistry as a 
preliminary to a journalistic career. It is the faculties which provide 
professional training that are crowded, and men study nowadays physics 
or chemistry becanse they wish to be physicists or chemists, or seek by 
their knowledge of these sciences to reach commercial posts. Even the 
very Faculty of Arts runs the danger of becoming a professional school 
for elementary school teachers. 1 do not approve this slate of affnrs: I 
would merely note its existence But granted it, what does anthro- 
pology offer to the young man who for a moment considers it as a 
possible academic study? There are no professional posts at present 
open to him, and few academnc posts.® There is little to attract the 
young mar tO' anthropology as a career. Is its position as a training 
of mind any stronger? The student knows if he studies physics or 
chemistry or engineering that he will obtain a. kiiowdedge oi the prin- 
ciples of observation, of measui-ement, and of the interpretation of data, 
which will serve him m good stead whenever he has to deal with pheno- 
mena of any kind. But, alas ! in anthropology, while he finds many 
things of surpassing interest, he discovers nO' generally accepted methods 
of attacking new problems, quot homines, tot s&ntentire. The type of 
man we want in anthropoloigy is precisely the man who no-w turns to 
mathematics, to physics, and to astronomy — the man with an exact 
mind who will not take statements on authority and who believes in 
testing all things. To such a man anthropometry — m all its branches, 
craniometry, psychometry, and the wide field in which body and mind 
are tested together under dynamic conditions — forms a splendid training, 
provided his data, and observations are treated as seriously as those of 
the physicist or astronomer by adequate mathematical analysis. Such a 
type of man is at once repelled from our science if he finds in its 
text-books and journals nothing but what has been fitly termed ‘ kinder- 
garten arithmetic.’ Why the other day I saw in a paper by a dis- 
tinginshed anthropologist an attempt to analyse how many individual 
bones he ought to measure. ITe adopted the simple process of comparing 
the results he obtained when he took 10, 20, 30 individuals. He was 
not really w iser at tlie end of his analysis than at the beginning, though 
he thought he was. And this, notwithstanding that the whole matter 
had been thrashed out scientifically by John Bernoulli tw'O centuries 
ago, and that its solution is a commoaiplace of physicist and astronomer I 
Flow can w^e expect the scientific w’orlcl to take ns seriously and 
to treat anthropology as the equal of other sciences while this state 
of affairs is possible ? What discipline in logical exactness are w^'e 
offering to academic youth which will compare with that of 'the older 
sciences? What claim have we to advise the State until we have intro- 
duced a sounder technique and ceased to believe that anthropomeliy is 
a science that any man can follow, with or without training? As I 
have hinted, the problems of anthropology seem to me as subtle as 

^ In London, for example, there is a reader in physical anthropology -who is 
a teacher in anatomy, and a professorship in ethnology, which for some 
mysterious reason is included in the faculty of economics and is, I believe, not 
a fiilhtime appointment. 
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those of physical astronomy, and we are not going to solve them with 
rusty weapons, nor solve them at all unless we can persuade the 
‘ brainy boys ’ of our universities that they are worthy of keen minds. 
Hence it seems to me that the most fertile training for academic pur- 
jDOses in anthropology is that wdiich starts from anthropometry in its 
broadest sense, wdnch begins to differentiate caste and class and race, 
bodily and mental health and disease, by measurement and by the 
analysis of measurement. Once this sound grounding has been reached 
the trained mind may advance to ethnology and sociology, to prehistory 
and the evolution of man. And I shall be surprised if equal accuracy 
ot statement and equal logic of deduction be not then demanded m 
these fields, and I am more than half convinced, nay, I am certain, 
that the technique the student will apply in anthropometry can be 
equally well applied m the wdder fields into wdiich he will advance m 
his later studies. Give anthropology a technique as accurate as that 
of phj'sics, and it wnll forge ahead as physics have done, and then 
anthropologists will take their due place m the wmrld of science and 
in the service of the State. 

Francis Galton has a claim upon the attention of anthropologists 
wdiich I have not. He has been President of your Institute, and he 
spoke just thirty-five years ago from the chair I now^ occuiiy, pressing 
on you for the first time the claims of new anthropological methods, 
in Galton ’s w^ords ; ‘ Until the phenomena of any branch of knowledge 
have been submitted to measurement and number it cannot assume the 
status and dignity of a Science ’ Have w^e not rather forgotten those 
w^armng words, and do they not to some extent explain w^hy our 
universities and learned societies, wdiy the State and statesmen, have 
turned the cold shoulder on anthropology? 

This condition of affairs must not continue ; it is good neither for 
anthropology, nor for the universities, nor for the State if this funda- 
mental science, the science of man, remains in neglect. It will not 
continue if anthropologists pull together and insist that their problems 
shall not fail in utility, that their scientifio technique shall be up to 
date, and that anthropological training shall be a reality in our univer- 
sities — that these shall be fully equipped wdth museums, with material, 
with teachers and students. 

It is almost as difficult to reform a science as it is to reform a 
religion ; in both cases the would-be reformer wnll offend the sacrosanct 
upholders of tradition, wdio find it hard to discard the faith in which 
they have been reared. But it seems to me that the difficulties of our 
time plead loudly for a broadening of the purpose and a sharpening of 
the weapons of anthropology^ If w'-e elect to stand where we have 
done a new science wnll respond to the needs of State and society ; it 
wnll spring from medicine and psychology?-, it will he the poorer in 
that it know^s little of man’s development, little of his history or pre- 
history. But it will devote itself to the urgent problems of the day. 
The future lies with the nation that most truly plans for the future, 
that studies most accurately the factors which will improve the racial 
qualities of future generations either physically or mentally. Is 
anthropology to lie outside this essential function of the science of 



man? If I understand the recent manifesto of the German antliropo 
legists, they are determined it shall not be so. The war is at an end, 
but the critical time will be with us again, I sadly fear, in twenty 
to thirty years. How will the States of Europe stand then? It 
depends to no little extent on how each of them may have cultivated 
the science of man and applied its teaching to the improvement of 
national physique and mentality. Let us take care that our nation 
is not the last in this legitimate rivalry. The organisation of existing 
human society with a view to its future welfare is the crowning task 
of the science of man; it needs the keenest-mmded investigators, the 
most stringent technique, and the utmost sympathy from all classes 
of society itself. Have we, as anthropologists, the courage to face this 
greatest of all tasks in the light of our knowledge of the past and 
with our understanding of the folk of to-day? Or shall we assert that 
anthropology is after all only a small part of the science of man, and 
retreat to our study of bones and potsherds on the ground that science 
is to be studied for its own sake and not for the sake of mankind? I 
do not know what answer you will give to that question, yet I anv 
convinced what the judgment of the future on your answer is certain 
bo be. 
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Prominent among the patiiological conditions which claimed attention 
during the war was that o^f insufficient oxygen supply to the tissues, or 
anoxaemia. For this there were several reasons; on the one hand, 
anoxaemia clearly was a factor to be considered in the elucidation of such 
conditions as are induced by gas-poasoning, shock, &c. On the other 
hand, knowledge had 3ust reached the point at wdiich it was possible to 
discuss anoxaemia on a new level. It is not my object in the present 
ac] dress to give any account of war- physiology — the war has passed, and 
I, for one, have no wish tO' revive its memories, but anoxaemia remains, 
and, as it is a factor scarcely less important in peace than in war 
pathology, I think I shall not do wu'ong in devoting an hour to its 
consideration. 

The object of my address, therefore, will be to inquire, and, if pos- 
sible tO' state, where w^e stand ; tO' sift, if I can, the knowdedge from 
the half-knowledge; to separate what is ascertained as the result of 
unimpeachable experiment from what is but guessed on the most likely 
hypothesis. In war it was often necessary to act on defective informa.' 
tion, because action was necessary and defective information w^as the 
best that was to be had. In this, as in many other fields of know^- 
ledge, the whole subject should be reviewed, the hypotheses tested ex- 
perimentally, and the gaps filled in. The sentence which lives in my 
mind as embodying the problem of anoxaemia conies from the pen of 
one who has given more concentrated thought to the subject than per- 
haps any other worker — Dr. J. S Plaldane.^ It runs, ‘Anoxaemia not 
only stops the machine but wrecks the machinery.’ This phrase puts 
the matter so clearly that I shall commence by an inquiry as to the 
limits wdthin which it is true. 

Anything like complete anoxaemia stops the machine with almost 
incredible rapidity. It is true that the breath can he held for a con- 
siderable time, but it must be borne in mind that the lungs have a 
volume of about three litres at any moment, that they normally 
contain about half a litre of oxygen, and that this will suffice for the 
body at rest for upwards of two minutes. But get lid of the residual 
oxygen from the lungs only to the very imperfect extent wffiich is pos- 
^ See References, page 17. I 
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sible by Ibe breathing of some neutral gas, such as nitrogen, and you 
will find that only with difficulty will you endure half a minute. Yet 
even such a. test gives no real picture of the impotence of the machine 
— which is the brain — to ‘ cany on ’ in the absence of oxygen. For, 
on the one hand, nearly a quarter of a minute elapses before the reduced 
blood gets to the capillary in the brain, so that the machine has only 
caiTied on for the remaining quarter of a minute ; on the other hand, 
the arterial blood under such circumstances is far from being com- 
pletely reduced — in fact, it has very much the composition of ordinary 
venous blood, which means that it contains about half its usual quotum 
of oxygen. It seems doubtful whether coiuplete absence of oxygen 
would not bring the brain to an instantaneous standstill. So convincing 
are the experimental facts to anyone who has tested them for himself, 
that I will not further labour the power of anoxasmia to stop the 
machine. I will, however, say a word about the assumption which I 
have made that the machine in this connection is the brain. 

It cannot be stated too clearly that anoxaemia in the last resort must 
affect every organ of the body directly. Stoppage of the O'Xygen supply 
is known, for instance, to bring the perfused heart to. a standstill, to 
cause a cessation of the flow of urine, to produce muscular fatigue, and 
at last immobility, but from our present standpoint these effects of 
anoxaemia seem to me to be out of the picture, because the brain is so 
much the most sensitive to oxygen want. Therefore, if the problem is 
the stoppage of the machine due to an insufficient general supply of 
oxv^^gen, I have little doubt that the machine stops because the brain 
stops, and here at once I am faced with the question how far is this 
assumption and how far is it proven fact? I freely answer that research 
in this field is urgent ; at present there is too great an element of assump- 
tion, but thei’e is also) a certain amount of fact. 

To what extent does acute anoxaemia in a healthy subject w^reck the 
machinery as well as stop the machine? By acute anoxaemia I mean 
complete or almost complete deprivation of oxygen which, in the 
matter of time, is too short to prove fatal. It is not easy to obtain 
quite clear-cut experiments in answer to the above question. No 
doubt many data might be quoted of men who have recovered from 
drowning, &c. Such data are complicated by the fact that anoxaemia 
has only been a factor in their condition; other factors, such as 
accumulation of carbonic acid, may >aiso have contributed to it. 
The remarkable fact about most of them, however, is the slight- 
ness of the injury wdiich the machine has suffered. These data, 
therefore, 'have a value in so far as they show that a very great degree 
of anoxaemia, if acute and of short duration, may be experienced with 
but little wueckage to the machine. They have but little value in show- 
ing that such 'wreckage is due to the anoxaemia, because the anoxaemia 
has not been the sole disturbance. Of such cases I will quote two. 

The first is that of a pupil of my own who' received a. gunshot 
wound in the head, to the prejudice of his cerebral circulation. I 
can give ^ you the most perfect assurance that neither intellectually 
nor physically has the catastrophe which befell him caused any 
permanent injury. For the notes of the case I am indebted to 
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Colonel Sir William Hale White. My pupil fall wounded at 6.50 a.m. 
on 20th of November 1917.^ As far as is known, he lay iiisensiBle 
for about two hours. Picked up five hours after the wound, he 
could not move either upper or lower extremity. Tliirty-six hours 
after the wound he underwent an operation which showed that the 
superior sagittal sinus was blocked, happil}’ not by a thrombus, but by 
being torn and having pieces of the inner table of the skull thrust into 
it, so that for this period of time the motor areas on both sides down 
to the face area were asphyxiated, the right being much more affected 
than the left Six days after the wound the cerebration was still slowy 
with typically vacant look. 

In the left upper extremity the muscular power was much improved ; 
he could raise his arm to his mouth, but he preferred to be fed. 

In the right upper extremity there were no movements in the 
shoulder, elbow', or wrist, but he could flex and extend the fingers 
weakly. 

In the left lower extremity there w^ere fair movements of hip and 
knee, no' movements of ankle and toes. 

In the right lower extremity there were no movements of hip, knee, 
ankle, or toes 

Six weeks after the w^ound he first walked, although with difficultj^; 
absolutely the last place in which the paresis remained was in the 
muscles of the right toes. Four months after the injury these toes 
were spread out and could not be brought together voluntarily. 
Gradually this has become less, but even now, two' and a-half years 
later, all these muscles are weaker than those on the other side. 

Such, then, is the wreckage, of the machine caused by thirty-six 
hours' blockage of the blood-flow through the motor areas of the brain; 
wu’eckage enough but not irreparable. 

I pass to the second case. It is that of the child of a well-known 
Professor of Physiology and a first authority on the subject of respira- 
tion. I am indebted to him for the following notes: 

In this child, a male twin, born about twelve weeks too. early, it was 
noticed about twenty-four hours after birth that th? breathing during 
sleep was irregular and of a very pronounced Cheyne Stokes type, six to 
ten breaths being followed by a pause during w^hich no respiratory move- 
ment occurred. Usually the pauses were of fifteen to twenty seconds’ 
duration, but occasionally ftwm to ten times a day) the breathing remained 
suspended for a prolonged period, extending in some cases to ten and 
fifteen minutes, and in one accurately observed case even to twenty-five 
minutes, interrupted by one single breath and a cry about the middle of 
ihe period. The breathing invariably started again before the heart- 
beats ceased. 

Cases in which the anoxaemia has been uncomplicated are to- be 
found among those who have been exposed to low atmospheric pres- 
sures ; for instance, balloonists a.nd aviators. Of these quite a con- 
siderable number have suffered from oxygen want to the extent of being 
unconscious for short intervals of time. 

No scientific observer has pushed a general condition of anoxemia 
either on himself or on his fellows to the extent of complete unconscious- 

i2 
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ness. The most severe experiments 0 ‘f this nature are those earned out 
b}' Haldane and his colleagues. On-e experiment in particular demands 
attention. Dr. Haldane and Dr. Kelias^ together spent an hour m 
a chamber in which the air was reduced to between 320 and 295 mm. 
It IS difficult to say how far they were conscious. Clearly each 
believed the other to be complete master of his own faculties, but it is 
evident that Dr. Haldane was not so. I gather that he has nO' recollec- 
tion of what took place, that whenever he was consulted about the 
pressure he gave a stereotyped answer which was the same for all 
questions, that, even with a little more oxygen present, he was suffi- 
ciently himself to wish to investigate the colour of his lips m the glass, 
but insufficiently himself to be conscious that he was looking into the 
back and not the front of the mirror. Dr. Kellas, who could make 
observations, never discovered Dr. Haldane's mental condition, though 
boxed up with him for an hour, and went on consulting him auto- 
matically. A somewhat similar experiment was performed on the other 
two observers, with i-esults differing only in degree. 

Yet the after-effects are summed up in the following sentence : 

' All four observers suffered somewhat from headache for several hours 
after these experiments, but there was no' nausea or loss of appetite.’ 

Of real importance in this connection are the results of carbon 
monoxide poisoning. Of these a large number might be cited. Those 
interested will find some very instructive cases described in a volume 
entitled ‘ The Investigation of Mine Air,’ by the late Sir 0. Le Neve 
Foster and Dr. Haldane.^ The cases in question were those of a 
number of officials Who went to investigate the mine disaster on 
Snaefell, in the Isle of Man, in May 1897. Of the five cases cited all 
suffered some after-effects, by which I mean that by the time the blo<od 
was restored sufficiently to its normal condition for the tissues to get 
the amount of oxygen which they required, the effects of the asphyxia 
had not passed off and to this extent the machine suffered, e.g. 

Mr. W. H. Kitto says: ‘ On reaching terra jinnu I felt very ill and 
wanted to vomit . . . through the night. I had severe palpitation of the heart, 
a thing I have never felt in my life before or since. On the day following, 
Thursday, the pain in my knees was so great that I could not stand properly, 
and for fully a week I Lad great pain when walking, and still (a month 
later) feel slight effects of the poisoning.’ 

Of the five whose experiences ware given, the one who received the 
most permanent damage was Sir Clement Foster himself. 

A few days after I got back from the island the first time, about the 
21st or 22nd of May, I noticed my heart; it could scarcely be called palpitation, 
as I understand palpitations to be, for there did not seem to be any increased 
rapidity of the action, hut I was conscious of its beating; as a rule, I am not. 
This passed off, and then on the 1st and 2nd of June I noticed it very decidedly 
again, so much so that I went to my doctor. He sounded me, and said the 
heart was all right, though there was one sound which was not very distinct. 
This consciousness of having a heart still returns from time to tirne, though 
only to a slight extent. On the 19th May I suffered much from headache, not 
regularly, but intermittently. The headache lasted for several days, and the 
feeling in the legs was very apparent; it was an aching in the legs 'from the 
knees to the ankles. A coldness from the knees to the soles of the feet was 
also noticeable; it came on occasionally for a considerable time. The head- 
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acKes coiitriiiued at intervals for sora© time, and lasted certainly for some 
months after the accident; indeed, I cannot say that they have disappeared 
altogether. 

To sum up, tlien, what may be said of the permanent damage caused 
by acute anoxaemia, it seems to me to. be as follows: No degree of 
anoxsemia which produces a less effect than that of complete uncon- 
sciousness lea-ves anything more than the most transient effects ; if the 
anoxaaniia be pushed to the point at which the subject is within a 
measurable distance of death, the results may take days or weeks to^ get- 
over, but only in the case of elderly or unsound persons is the machine 
wrecked beyond repair. 

Chronic AnoxcBmia. 

And now to pass to the consideration of what I may call chronic 
anoxaemia; that is to say, oxygen want which perhaps is not very great 
in amount — and I shall have to say something later about the measure- 
ment of ancx£emia in units — 'but which is continued over a long time : 
weeks, months, or perhaps years. We have to ask ourselves, how far 
does chronic anoxeemia stop the machinery ; how far does it wreck the 
machine? Here ^ve are faced with a much more difficult problem, for 
the distinction between stopping the machinery and wrecking the 
machine tends to disappear. In fact so -indistinct does it become that 
you may ask yourself, with some degree of justice, does chronic 
anoxaemia stop the machine in any other way than by wrecking it ? 

The most obvious instances of men subject to chronic anoxemia 
are the dwellers at high altitudes. Now, it is quite clear that in many 
instances of mountain-dwellers the anoxaemia does not wreck the 
machine. On what I may call the average healthy man anoxaemia 
begins to tell at about 18,000 feet. At lower altitudes no doubt he 
will have some passing trouble, but it seems to me from my own 
experience that this altitude is a very critical one. Yet there are mining 
camps at such heights in South America at which the work of life 
is carried on. Under such circumstances the machine is kept going 
by a process of compensation. This is in part carried out by a modifi- 
cation in the chemical properties of the blood. It would appear that 
both the carbonic acid in the blood and the alkali diminish. The 
result, according to my interpretation of my own observations on the 
Peak O'f Teneriffe, which .appeared to be confirmed by the experi- 
ments in a chamber in Copenhagen ** from which the air was partially 
exhausted, was this : The hydrogen ion concentration of the blood 
increased slightly, the respira-tory centre worked more actively, and the 
lung became better ventilated with oxygen, with the natural result that 
the blood became more oxygenated than it would otherwise have been. 

The difference which this degree of acclimatisation made was very 
great. Take as an example one of my colleagues. Dr. Boberts. On 
Monte Bosa in his case, as in that of the rest of the party, 15 mm. of 
oxygen pressure were gained in the lungs. To put the matter another 
way, the amount of oxygen in our lungs at the summit was what it 
would otherwise have been 5,000 or 6,000 feet lower down. No actual 
analyses of the oxygen in Boberts' arterial blood were made, but from 
wha.t we now know it seems probable that his blood was about 82 per 
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cent, saturated; that is to say that for every hunched grams of 
li£enioglobin in the blood 82 were -O'Xyhcenioglobin and 18 redu-ced 
hemoglobin ; had this degree of acclimatisation not taken place his blood 
would'have contained as many as 38 parts of unoxidised haemoglobin 
out of every hundred, and this would probably have made all the differ- 
ence between the machine stopping and going on. 

The body, then, had fought the anoxaemia and reduced it very much 
in degree, but at the same time the anoxaemia had, in a subtle way, 
clone much to stop the powers of the body, for this very acclimatisation 
IS effected at the expense of the ultimate reserve which the body has 
at its disposal for the purpose of carr 3 nng out muscular or other work. 
The oxygen in the lungs was obtained essentially by breathing at rest 
as 3 ’Ou would normally do when taking some exercise Glearl^^ then, if 
3 'on are partly out of breath before you commence exercise \mu cannot 
undertake so much as otherwise would do. As a friend of mine, 
who has, I believe, camped at a higher altitude than an^^ other man, 
put it to me, ‘ S‘ 0 ' great was the effo-rt that we thought twice before we 
turned over in bed. ' 

One of the interesting problems with regard to chronic anoxaemia 
is its effect upon the mind. ^Yorking from the more acute type of 
anoxgemia to the more chronic, the follo'Wing quotation will give an 
account of the condition of a person in the acute stage. It is Sir 
Clement Le Neve Foster’s account of himself during CO poisoning, and 
shows loss of memoiy, some degree of intelligence, and a tendency to 
repeat what is said : 

How soon I realised that we were in what is commonly called ‘ a tight place ’ 
I cannot say, but eventually, from long force of habit, I presume, I took out 
my note-book. At what o’clock I first began to write I do not know, for 
the few words written on the first page have no hour pnt to them. They w^ere 
simply a few words of good-bye to my family, badly scribbled. The next- page 
is headed ‘ 3 p.m.,’ and I perfectly w'ell recollect taking out my w^atch from 
time to time. As a rule I do not take a •vra.tch underground, but I canned 
it on this occasion in order to be sure that I left the rat long enough w'hen 
testing with it. In fact, my note on the day of our misadventure was 
‘ 5th ladder. Hat two minutes at man,’ meaning by the side of the corpse. 
My notes at 2 p.m. were as follows : ‘2 p.m., good-bye, we are all dying, your 
Clement, I feel w^e are dying, good-bye, all my darlings all, no help coming, good- 
bye we are dying, good-bye, good-bye we are dying, no help comes, good-bve, 
good-bye.’ Then later, partly scribbled over some ‘ good.-bj’-es ’ I find, ‘We 
sawT a body ah 1.30 and then all became affected by the bad air, we have got to the 
115 and can get no further, the box does not come in spite of our ringing for help. 
It does not come, does not come — I wish the box would come- Captain H. is 
shouting, my legs are bad, and I feel very my knees are i.’ The so-cafied 
‘ ringing ’ was signalling to the surface by striking the air-pipe with a hammer 
or bar of iron. We had agreed upon signals before we went down. There is 
■writing over other writing, as if I did not see exactly where I placed my 
pencil, and then *. * I feel as if I were dreaming, no real pain, good-bye, 
g)Ood-bye, I feel as if I were sleeping,’ * 2.15 we are all done. No or 
scarcely any, we are done, we are done, godo-bye my darlings.’ Here it is 
rather interesting to note the * godo ’ instead of * good.’ Before very long the 
fresh _ men who had climbed down to rescue us seemed to have arrived, and 
explained that the * box ’ was caught in the shaft. Judging by my notes I did 
not realise thoroughly that we should he rescued. Among them occur the words 
‘ No pain, it is merely like a dfream. no pain.’ I frequently wote the same 
sentence over and over again. My last note on reaching the surface tells of 

^ in the above quotation indicates an illegible word in the notes. 



I. PHYSIOLOGY. 7 

that resistaiice to authority which likewise appears to be a syinptoiu of the 
poivsoning. 

These notes afford ample confirmation of the effect produced bv carbonic 
oxide poisoning of causing reiteration. I wrote the same words over and over 
again unnecessarily The condition I was in was rather curious. I had 
absorbed enough of the poison to paralyse me to a certain extent and dull my 
feelings, but at the same time my reason had not left me. 

The whole train of symptoms strongly suggests some form of 
intoxication, and is not dissimilar to that produced by alcoholic excess. 
Here it may be noted that, as far as isolated nerves are concerned, there 
is pretty good evidence that alcohol and want of oxygen produce 
exactly the same effects, i.e. they cause a decrement in the conducting 
power of tlie nerve- And herein lies a part of its interest, for pharma- 
cologists of one school at all events tell me that the corresponding 
effects of alcohol are really due to an inhibition of the higher centres of 
the mind; you can therefore conceive of the mental mechanism of self- 
c6ntrol being knocked out either because it has not oxygen enough with 
which to ‘ carry on, ’ or because it is drugged by some poison as a 
secondary result of the anoxaBmia. 

And now to pass to the results of more chronic anoxaemia. If I 
were to try to summarise them in a sentence I should say that, just as 
acute anoxaemia simulates drunkenness, chronic anoxaemia simulates 
fatigue. 

The following slide shows you a photograph taken from a page in 
my note-book written at the Alta Vista Hut, at an altitude of 12,000 
feet. You will see that the page commences with a scrawl which is 
crossed out, then ‘6 Sept,’ the word ‘Sept.’ is crossed ►out and 
‘ March ’ is inserted, ‘ March ’ shares the same fate as ‘ Sept.,’ and 
‘ April,’ the correct month, is substituted, and so on, more crossings 
out and corrections. All tliis you might say with justice is the action 
of a tired man. The other pages written at lower altitudes do not, 
however, bear out the idea that I was out of health at the time, and 
there was no reason for tiredness on that particular day. Another 
symptom frequently associated with mental fatigue is irritability. 
Anyone who has experience of high altitudes knows to his cost that life 
does not run smoothly at 10,000 feet. If the trouble is not with one’s 
own temper, it is with those of one’s colleagues : and sO' it was in many 
cases of gas-poisoning and in the case of aviators. In these subjects 
the apparent fatigue sometimes passed into a definitely neurasthenic 
condition. At this point an issue appeared to arise between the 
partisans of two theories. One camp said that the symptoms were 
definitely those of anoxasmia, the other that they were due to nerve 
strain. As I have indicated later on, it is not clear that Ihese two 
views are mutually exclusive. It takes two' substances to make an 
oxidation, the oxygen and the oxidised material. If the oxidation does 
not take place, the cause may lie in the absence of either or of both, in 
each case with a similar e&ct. The subject really is not ripe for 
controversy, but it is amply ripe for research, research in which both 
the degree of anoxaemia and the symptoms of fatigue are. clearly 
defined. 

So much, then, for the injury to the machine wrought by chronic 
anoxaemia. 
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Types of Anoxcemia. 

And now to pass to the consideration of the various types of 
anoxeemia. 

Anoxcemia is by derivation want of oxygen in the blood. 

Suppose you allow your mind to pass to some much more homely 
substance than oxygen — such, for instance, as milk — and consider the 
causes which may conspire to deprive your family of milk, three 
obvious sources of milk deficiency will occur to you at once : 

(1) There is not enough milk at the dairy; 

(2) The milk is watered or otherwise adulterated so that the fluid 
on sale is not really all milk; and 

(3) The milkman from that particular dairy does not come down your 
road. 

These three sources of milk deficiency are tj^pical of the types of 
oxygen deficiency. 

The first is insufficient oxygen dispensed to the blood by the lungs. 
An example of this type of anoxaemia is mountain-sickness. The 
characteristic of it is insufficient pressure of oxygen in the blood. In 
mountain-sickness the insufficiency of pressure in the blood is due to 
insufficient pressure in the air, for, according to our view at all events, 
the pressure in the blood will always be less than that in air. But 
this type of anoxaemia may be due to other causes. The sufferer may 
be in a normal atmosphere, yet for one reason or another the air may 
not have access to his whole lung. In such cases, eitlier caused by 
obstruction, by shallow respiration, or by the presence of fluid in the 
alveoli, the blood leaving the affected areas will contain considerable 
quantities of reduced haemoglobin. This will mix with blood from un- 
affected areas which is about 95 per cent, saturated. The oxygen will 
then be shared round equally among the corpuscles of the mixed blood, 
and if the resultant is only 85-90 per cent, saturated the- pressure of 
oxygen will only be about half the normal, and, as I said, deficiency of 
oxygen pressure is the characteristic of this type of anoxaemia. 

The second type involves no want of oxygen pressure in the arterial 
blood ; it is comparable to the watered milk : the deficiency is realU^ in 
the quality of the blood and not in the quantity of oxygen to which the 
blood has access. The most obvious example is anaemia, in which 
from one cause or other the blood contains too low^ a percentage of 
Haemoglobin, and because there is too little hemoglobin to ca,rry the 
oxygen too little oxygen is carried. Anaemia is, however, only one 
example which might be given of this type of anoxaemia. There may 
be sufficient haemoglobin in the blood, but the haemoglobin may be 
useless for the purpose of oxygen transport; it may be turned in part 
into methasmoglobin, as in several diseases, e.g, among workers in the 
manufacture of some chemicals, and in some forms of dysentery con- 
tracted in tropical climates, or it may be monopolised by carbon 
monoxide, as in mine-air. 

Thirdly, the blood may ha.ve access to sufficient oxygen and may 
contain sufficient functional haemoglobin, but owing to transport trouble 
it may not be circulated in sufficient quantities to the tissues. The 
quantity of oxygen which reaches the tissue in unit time is too small. 
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literally, according to the strict derivation of the word ‘anoxemia/ 
the third type should perhaps be excluded from the category of con- 
ditions covered by that word, but, as the result is oxygen starvation 
in the tissues, it wdll be convenient to include it. Indeed, it w^ould be 
an act of pedantry not to do so, for no form of anoxsemia has anv 
significance apart from the fact that it prevents the tissues from obtain- 
ing the supply of oxygen requisite for their metabolic processes. 

The obvious tjq^es of anoxemia may therefore be classified in some 
such scheme as the follow'ing, and as it is difficult to continue the dis- 
cussion of them wutliout some sort of nomenclature, I am giving a name 
to each type : 


1. Ano.t'ic Type 
The pressure of oxygen 
the blood is too low. 
The haemoglobin is not 
saturated to the normal 
extent. 

The blood is dark. 
Examples * 

1. Hare atmospheres. 

2. Areas of lung par- 
tially unventilated. 

3. Eluid or fibrin on 
surface of cells. 


Anoxemia. 


2 . An rem ir Ty pe. 

The quantity of functional 
haemoglobin is too 
small. 

The oxygen is 

normal. 

The blood is normal in 
colour. 

Examples : 

1. Too little haemo- 
globin. 

2. CO haemoglobin. 

3. Methaemoglobin. 


3 Stagnant Type. 

The blood is normal, but 
is supplied to the 
tissues in insufficient 
quantities. 

Examples * 

1. Secondary" result of 
histamine shock. 

2. Haemorrhage. 

3. Back pressure. 


Anoxic anoxcumia is essentially a general as op^DOsed to a local con- 
dition. Not only is the pressure of oxygen in the blood too low, but 
the lowness of the pressure and not the deficiency in the quantity is 
the cause of the sym^Dtoms observed. 

Proof of the above statement is to be found in the researches of most 
workers who have carried out investigations at low oxygen jiressures, 
and it can now be brought forward in a much more convincing w’ ay than 
formerly that oxygen secretion is, for the time at all events, not a 
i actor to be counted with. 

The workers on Pike's Peak, for instance, emphasised the fact that 
the increase of red blood corpuscles during their residence at 14,000 feet 
was due to deficient oxygen pressure. No doubt they were right, but 
the point w^as rather taken from their argument by their assertion in 
another part of the paper that the oxygen x>ressure in their arterial blood 
was anything up to about 100 mm. of mercury. Let me therefore 
take my own case, in wffiich the alveolar pressures are known to be an 
index of the oxygen pressures in the arterial blood. I whll compare my 
condition on two occasions, the point being that on these tw^o occasions 
the quantities of oxygen united with the haemoglobin w^ere as nearly as 
may be the same, whilst the pressures were widely different. 

As T sit here the haemoglobin value of my blood is 96-97, which 
corresponds to an oxygen capacity of T78 c.c. of Oo per c.c. of blood. 
In the oxygen chamber on the last day of my experiment, to which I 
refer later, ^ the oxygen capacity of my blood was *201 c.c. Assuming 
the blood to be 95 per cent, saturated now and 84 per cent, saturated 
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then, the actual quantity of oxygen in the blood on the two occasions 
would be : 

Oxygen Capacity. Percentage Saturation. Oxygen Content. 

•178 95 T69 

•201 84 '169 

Here, I am in m3 usual health. In the chamber, I yomited, iiiy 
pulse was 86 — it is now' 56 ; m3' head ached in a. most distressing fashion, 
it w'as with the utmost difficult3' that I could carry out routine gas 
anah'ses, and when doing so the only objects which I saw’ distinctly 
W'ere those on w’hich m\’ attention was concentrated. 

In the anoxic t3'pe of anoxaemia there ma}^ then be quite a sufficient 
quantit}" of oxygen in the blood, but a sufficient quantity does not avail 
in the face of an insufficient pressure. Indeed, as I shall show 
presentl}^ the anoxic t3'pe of anoxaemia is the most serious. We are 
therefore confronted with something of a paradox in that the most 
severe type of anoxaemia, is one in which there is not necessarily an 
insufficient quantit}^ of oxygen in the blood at all. 

And here let me justif}^ the statement that the a.noxic type is the 
most to he feared. I can justif3’ it on either or both of two grounds. 
Firstly, of the three types it places the tissues at the greatest disadvan- 
tage as regards oxygen supply, and secondly, it is of the three the least 
easy type for the organism to circumvent. 

Het me dwell for a moment upon the efficienc}^ of the blood as a 
medium for the supply of ox3^gen to the tissue in the three types. The 
goal of I'espiration is to produce and maintain as high an oxygen pi^es- 
suro in the tissue fluids as possible. For the velocity of a.n3" particular 
oxidation in the tissues must depend upon the products of the concen- 
trations (active masses) of the material to be oxidised and of the oxygen. 
Now the concentration of oxygen in the tissue is proportional to its 
partial pressure, and the highe.st partial pressure in the tissue must^ 
other things being equal, be the result of that type of anoxaemia in 
which there is the highest partial pressure in the blood plasma. 

It IS intei'estmg and not umnstriictive t.o try to calculate the degree 
to which the tissues are prejudiced by being subjected tO' various types 
of anoxaemia. Let us suppose that we have a. piece of tissue, muscle for 
instance, which normally is under the following conditions : 

(a) One cubic centimetre of blood per minute runs through it. 

(5) The total oxygen capacity of this blood is ’188 c.c. of oxygen 
per c.c. of blood. 

(c) The percentage satura.tion is 97. 

(d) The oxygen pressure is 100 nim. 

(e) The oxygen used is *059 c.c. 

(f) The oxygen pressure in the tissues is half gf that in the veins, 

in this case 19 mm. 

Compa.re with this a severe case of anoxic anoxaemia, one in which 
the blood-flow is the same as above, and also the oxygen capacity value 
of the blood, but in wffiicli the oxygen pressure is only 31 mm. and the 
percentage satura.tion of the arterial blood 66 per cent. Let us further 
retain the assumption that the oxygen pre.ssure in the tissues is half 
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tRat in the veins It is possible to calculate, as indeed has been done 
by my colleague, Mr. Houghton, what the amount of oxygen leaving 
the capillaiies is. The answer is not '059, as in the case of the normal, 
but ‘026 — less than half the normal So, other things being equal, 
cutting dovn the oxygen pressure in the arterial blood to 31 and the 
percentage saturation to 66 would deprive the tissues of half their 
oxygen. With this compare an example of the anasmic type. The 
arterial blood shall have the same total quantity of oxygen as in the 
anoxic case, but instead of being 66 per cent. ' saturated it shall contain 
66 per cent, of the total haemoglobin, which shall be normally saturated. 
The amount of oxygen which would pass to the tissues under these 
conditions is 041 c.c. — more than half as much again as from the 
anoxic blood laden wuth the same quantity of oxygen. 

And thirdly, let us take for comparison a case of stagnant anoxaemia 
in w Inch the same quantity of oxygen goes to the tissue in the cubic 
centimetre of blood as in the anoxic and anaemic types. On the assump- 
tion which we have made the quantity of oxygen which would leave 
the blood would be ’045 c.c. 

In round numbers therefore the prejudice to the tissues may be 
expressed by the following comparison. In this case both of the 
oxygen going to the blood and going into the tissues I have called the 
normal 100. This d'Oes not, of course, mean tliat the two amounts are 
the same. The former m absolute units is about three times the latter. 
The figure 100 at the top of each column is merely a standard with 
which to compare the figures beneath it. 


Oxygen in blood going 
to vessels of tissue. 


Per cent. 

Normal .... 100 

( Anoxic . . 66 

Anoxfemia j Anaemic . , 66 

I Stagnant . . 66 


Oxygen leaving the blood 
to supply the tissues. 
Per cent. 

100 

42 

66 

75 


Measurement of Anoxcsmia. 

In the study of all physical processes there comes a point, and that 
very early, when it becomes necessary to compare them one with 
another, to establish some sort of numerical standard and have some 
sort of quantitative measurements. The study of anoxgemia. has reached 
that point. By wdiat scale are wn to. measure oxygen w^ant ? 

Let us take the anoxic type first. There are two scales which 
might be applied to it, both concern the arterial blood; the one is the 
oxygen pressure in it, the other is the actual percentage of the heemo- 
globin wHich is oxyhsemoglobin. A third possibility suggests itself, 
namely, the actual amount of oxygen present, but this wmuld be in- 
fluenced as much by the anfemio as by the anoxic conditions. Of the 
twn possibilities — that of measuring the pressure, and that of measuring 
the saturation of the blood wuth oxygen — the latter is the one which is 
likely to come into vogue, because it is susceptible of direct measurement. 

Two converging lines of w^ork have within the last few years brought 
us nearer to being able to state the degree of anoxsemia in man in terms 
of the percentage saturation of oxygen in his blood. The first, intro- 
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ducecl by the American researcher Stadie,® is the method of arterial 
puncture. It had long been the wish of physiologists to make direct 
examinations of the gases in human arterial blood, yet, ae far as I know, 
this had only once been accomplished, namely, by Dr. Arthur Cooke 
and mys-elf in a case in which the radial artery was opened for the pur- 
pose of transfusion But the matter now seems to be i’elatively 
simple. The needle of a hypodermic syringe can be put ri^ht into the 
radial artery and arterial blood withdrawn. I am not sure that the 
operation is less painful than that of dissecting out the radial artery 
and opening it — and in this matter I speak with experience — but it is 
less alarmmg, and it has the great ment that it does not injure the 
artery. 

Another method of determining the percentage saturation of arterial 
hlood has invited the attention of researchers, appearing like a wili- 
o’-the-wisp, at one time within grasp, at another far off- That method 
is to deduce the percentage saturation from the composition of the 
alveolar air. Into the merits of the rival methods for the determina- 
tion of the oxygen in alveolar air I will not go : the method of Haldane 
and Priestley will suffice for persons at rest. Granted, then, that a 
subject has a partial pressure of 50 mm. of oxygen in his alveolar air, 
what can we infer as regards his arterial blood? A long controversy has 
raged about whether or nO' any assumption could be made about the 
condition of the arterial blood from that ol the alveolar air, for it was 
an article of faith with the school of physiologists which was led by 
Haldane that when the oxygen pressure in the alveolar air sank, the 
oxygen in the arterial blood did not suffer a corresponding reduction 
The experimental evidence at present points in the opposite direction, 
and unless some further facts are brought to light it may be assumed 
that the oxygen pi'essure in the arterial blood of a normal person at 
rest is some five millimetres below that in his alveolar air. And having 
obtained a figure for the pressure of oxygen in the arterial blood, where 
do we stand as regards the percentage saturation? The relation 
between the one and the other is known as the oxygen dissociation 
curve. It differs but slightly in normal individuals, and at different 
times in the same individual. To infer the percentage saturation from 
the oxygen pressure, no doubt the actual dissociation curve should be 
determined, but in practice it is doubtful wdiether as a first approxi- 
mation this is necessary, for a curve determined as the result of a few 
observations is unlikely to be much nearer the mark than a standard 
curve on which twenty or thirty points have been determined. 
Therefore an approximation can be made for the percentage saturation 
as follows : In a normal individual take the oxygen in the alveolar air, 
subtract five millimetres, and lay the result off on the mean dissociation 
curve for man. 

Whether measured directly or indirectly, the answer is a statement 
of the relative quantities of oxyhsemoglobin and of reduced hsemoglobin 
in the arterial blood- The important thing is that there should be as 
little reduced haemoglobin as possible. The more reduced haemoglobin 
there is present the less saturated is the blood, or, as the American 
authors say, the more 'zmsaturated is the blood. They emphasise 
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the fact that it is the quantity of reduced hemoglobin that is the index 
of the anoxic condirion They speak not of the percentage saturation, 
but of the percentage of unsaturation. A blood which would ordinarily 
be called 85 per cent, saturated they speak of as 15 percent, unsaturated. 

Anoxic anoxaemia, in many cases of lung affection, should be 
measured by the direct method of arterial puncture, for the simple 
reason that the relation between the alveolar air and the arterial blood 
IS quite unknown. Such, for instance, are cases of many lung lesions 
of pneumonia in which the lung may be functioning only in parts, of 
pneumothorax, of pleural effusions, of emphysema, of multiple pul- 
monary embolism, in phases of which the arterial blood has been found 
experimentally to be unsaturated. In addition to these definite lung 
lesions, there is another type of case on which gi'eat stress has been 
laid by tlaldane, Meakins, and Priestley, namely, cases of shallow 
respiration.’ A thorough investigation of the arterial blood in such 
cases is urgently necessary. Indeed, in all cases in which it is prac- 
ticable, the method of arterial puncture is desirable. But in the cases 
of many normal persons — such, for instance, those airmen at different 
altitudes — alveolar-air determinations would give a useful index. 

The anasmic type of anoxaemia is gauged by the quantity of oxy- 
haemoglobin in the blood. In the case of simple anaemias this is 
measured by the scale in which the normal man counts as 100 and the 
haemoglobin in the anaemic individual is expressed as a percentage of 
this This method has been standardised carefully by Haldane, and we 
now know that the man whO' shows 100 on the scale has an oxygen 
capacity of T85 c.c. of oxygen for every c.c. of blood. We can therefore, 
in cases of carboxy haemoglobin, or methaemoglobin poisoning, express 
the absolute amO‘unt of oxy haemoglobin pressure either by stating the 
oxygen capacity and so getting an absolute measurement, or in relative 
units by dividing one hundred times the oxygen capacity by ‘185, and 
thus getting a figure on the ordinary haemoglobin metre scale. 

The Mechanism of Anoxcemia. 

Perhaps the most difficult phase of the discussion is that of how 
anoxaemia produces its baneful results. In approaching this part of 
the subject I should like tO' warn my readers of one general principle 
the neglect of which seems to be responsible for a vast dissipation of 
energy. Before you discuss whether a certain effect is due to cause A or 
cause'^B, be clear in your own mind that A and B are mutually exclusive. 

Let me take an example and suppose 

(1) That the energy of muscular contraction in the long run 

depends in some way on the oxidation of sugar; 

(2) That in the absence of an adequate supply of oxygen the 

reaction 

-f- 6 0, = 6 CO, + 6 H,0 

cannot take place in its entirety; 

(3) That under such circumstances some lactic acid is formed as 

well as carbonic acid; 



14 


SECTIONAL ADDRESSES. 


(4) That the hydrogen lon concenti’atioii of the blood rises and 
the total ventilation increases. On what lines are you to 
discuss whether the increased ventilation is due to 
‘ acidosis, ’ by which is meant in this connection the increased 
hydrogen ion concentratio-n of the blood, or to ‘ anoxemia ’ '? 
Clearly not on the lines that it must be due to one or other. 

In the above instance anoxsemia and acidosis are to some extent 
dependant variables. I have chosen the above case because measure- 
ments have been made throughout which make the various assump- 
tions fairly certain, and tell us pretty clearly in what sort of chain 
to string up the events, what is cause and what is effect. Clearly 
it would be ridiculous to start a discussion as to whether the breath- 
lessness was due to ' acidosis ’ or ‘ anoxaemia ' Each has its place 
in the chain of events. But I have heard discussions of whether other 
phenomena of a more obscure nature were due to oxygen want or to 
acidosis. Such discussions tend tO' no useful end. 

Nor is this the only problem with regard to oxygen want concerning 
which my warning is needed. Oxygen want may act immediately m 
at least two ways : 

(1) In virtue of absence of oxygen some oxidation which otherwise 

might take place does not do so, and therefore something 
which might otherwise happen may not happen. Eor 
instance, it may be conceived that the respiratory centre can 
only go through the rhythmic changes of its activity as the 
result of the oxidation of its own substance. 

(2) A deficient supply of oxygen may produce, not the negation 

of a chernical action, but an altered chemical action which 
in its turn produces toxic products that have a secondary 
effect on such an organism as the respiratory centre. 

Now these effects are not mutually exclusive. In the same category 
are many arguments about whether accumulations of carbonic acid 
act specifically as such or merely produce an effect in virtue of their 
effect on the hydrogen ion concentration.. Here again the two points 
of view are not, strictly speaking, alternatives, and, in some cases at 
all events, both actions seem to go on at the same time- 

It will be evident that in any balanced action in which CO 3 is 
produced its accumulation will tend to slow the reaction ; but, on the 
other hand, the same accumulation may very likely raise the hydrogen 
ion concentration, and in that way produce an effect. 

The relation of oxygen to haemoglobin seems to furnish a case in 
point. Carbonic acid is known to reduce the affinity of haemoglobin 
tor oxygen, and other acids do the same. On analogy, therefore, it 
might have, and has, been plausibly argued that OO 2 acts in virtue of the 
change in reaction which it produces. Put into mathematical language, 
the relation of the percentage saturation of oxygen to the oxygen 
pressure of the gas dissolved in the haemoglobin solution is expressed 
by the equation 

y Kaf*’ jc"' 1 

160 "" r+1^ + a:*’ 
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where y is^the percentage sa.turation and x the oxygen pressure. The 
value of Iv is the measiu'e of the affinity of oxygen for haemoglobin : 
the less the value of Iv the less readily do the two substances unite. 

Now ^ has been shown by Laurence J. Henderson,® and indepen- 
dently by Adair, to vary directly with the concentration of OOo. The 
value of this constant is, according to Henderson, too gi'eat to be a 
direct effect of the CO 2 on the haemoglobin, and involves as well the 
assumption that the hsemoglobin m blood is in four forms — an acid 
and a salt of reduced haemoglobin and an acid and a salt of 
oxyhsemoglobin The presence of COo alters the balance of these four 
substances 

It is rather fashionable at present to say that * the whole question 
of acidosis and anoxaemia is in a hopeless muddle.’ To this I answer 
that, if it is in a muddle, I believe the reason to be largely because 
schools of thought have rallied round words and have taken sides under 
the im]iression that they have no common ground. The ‘ muddle, ’ 
in SO' far as it exists, is not, I think, by any means hopeless; but I 
grant freelv enough that we are rather at the commencement than at 
the end of the subject, that much thought and much research must 
be given, firstly, in getting accurate data, and, secondly, on relating 
cause and effect, before the whole subject will seem simple. No' effort 
should be spared to replace indirect by direct measurements. My own 
inference with regard to changes of the reaction of the blood, based 
on interpretations of the dissociation curve, should be checked by actual 
hydrogen ion measurements, as has been done by Hasselbach and is 
being done by Donegan and Parsons." Meakins also is, T think, 
doing great work by actually testing the assumptions made by Haldane 
and himself as regards the oxygen in arterial blood. 

The Compensations for Anoxcemia. 

For the anoxic type of anoxaemia two forms of compensation at 
once suggest themselves. The one is increased haemoglobin in the 
blood; the other is increased blood-flow through the tissues. Let us, 
along the lines of the calculations already made, endeavour to ascertain 
how far these two types of compensation will really help. To go back 
to the extreme anoxic case already cited, in which the heemoglohin 
was 66 per cent, saturated, let us, firstly, see what can be accomplished 
by an increase of the hsemoglobin value of the blood. Such an increase 
takes place, of course, at high altitudes. Let us suppose that the 
increase is on the same grand scale as the anoxaemia, and that it is 
sufficient to restore the actual quantity of oxygen in one c.c. of blood 
to the normal. This, of course, means a rise in the hsemoglobin value 
of the blood from 100 to 150 on the Gowers’ scale. Yet even so great 
an increase in the haemoglobin will only increase the oxygen taken 
up in the capillary from each c.c. of blood from *031 to *036 c.c., and 
will therefore leave it far short of the *06 c.c. which every cubic centi- 
metre of normal blood was ^ving to the tissue. So much, then, for 
increased hsemoglobin. It gives a little, but only a little, respite. Let 
us turn, therefore, to increased blood-flow. 
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In the stagnant type of anoxaemia the principal change which is 
seen to take place is an increase in the quantity of haemoglobin per 
cubic millimetre of blood. 

This increaise is secotndary to a. loss of water in the tissues, the 
result in some cases, as appears from the work of Dale, Eichards, and 
Laidlaw/“ of a formation of histamine in the tissues. Whether this 
increase of hasmoglobin is to be regarded as merely an accidental occur- 
rence or as a. compensation is difficult to decide at present. Eoughton’s 
calculations rather surprised us by indicating that increased hsemoglobin 
acted less efficiently as a compensatory mechanism than we had 
expected. This conclusion may have been due to the inaccuracy of 
our assumptions. I must therefore remind you that much experimental 
evidence is required before the assumptions which are made above are 
anything but assumptions. But, so far as the evidence available at the 
present time can teach any lesson, that lesson is this: The only way 
of dealing satisfactorily with the anoxic type of anoxaemia is to abolish 
it by in some way supplying the blood with oxygen at a pressure suffi- 
cient to saturate it tO' the normal level. 

It has been maintained strenuously by the Oxford school of physio- 
logists that Nature actually did this; that when the partial pressure in 
the air-cells of the lung was low the cellular covering of that organ 
could clutch at the oxygen and force it intO' the blood at an unnatural 
pressure, creating a sort of forced draught. This theory, as a. theory, 
has much to recommend it. I am sorry to say, however, that I cannot 
agree with it on the present evidence. I will only make a passing 
allusion to the experiment which I performed in order tO' test the theory, 
living for six days in a glass respiration-chamber in which the partial 
pressure of oxygen was gradually reduced until it was at its lowest — 
about 45 mm. Such a pressure, if the lung was incapable of creating 
what I have termed a forced draught, would mean an oxygen pressure 
of 38-40 mm. of mercury in the blood, a change sufficient to m-dh" 
the arterial blood quite dark in colour, whereas, did any considerable 
forced draught exist, the blood in the arteries would be quite bright in 
colour. 'Could we but see the blood in the arteries, its appearance alone 
would almost give the answer as to whether or no oxygen was forced, 
or, in technical language, secreted, through the lung wall. And., of 
course, we could see the blood in the arteries by the simple process of 
cutting one of them open and shedding a little into a closed glass tube. 
To the surgeon this is not a difficult matter, and it was, of course, done. 
The event showed that the blood was dark, and the most careful analyses 
failed to discover any evidence that the body can force oxygen into 
the blood in order to compensate for a. deficiency of that gas in the air. 

Yet the body is not quite powerless. It can, by breathing more 
deeply, by increasing the ventilation of the lungs, bring the pressure 
of oxygen in the air-cells closer to that in the atmosphere breathed 
than would otherwise be the case. I said just now that the oxygen 
in my lungs dropped to a minimal pressure of 45 mm. ; but it did not 
remain at that level. "When I bestirred myself a little it rose, as the 
result of increased ventilation of the lung, to 56 mm., and at one time, 
when I was breathing through valves, it reached 68 mm. Nature will 
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do something, but what Nature does not do should be done by artifice. 
Exploration of the condition oi the arterial blood is only in its infancy, 
yet many cases have been recorded in which in illness the arterial blood 
has lacked oxygen as much as or more than my own did in the respira- 
tion chamber when I was lying on the last day, with occasional vomit- 
ing, racked with headache, and at times able to see clearly only as an 
eftort of concentration. A sick man, if his blood is as anoxic as mine 
was, cannot be expected tO' fare better as the result, and so he may 
be expected to have all my troubles in addition to the graver ones 
which are, perhaps, attributable to some to-xic cause Can he be spared 
the anoxaemia? The result of our calculations, so far, points to the fact 
that the efficient way of combating the anoxic condition is toi give 
oxygen. During the war it was given with success in the field in cases 
of gas-poisoning, and also special wards were formed on a small scale 
m this country in which the level of oxygen in the atmosphere was 
kept up to about 40 per cent., with great benefit to a large percentage 
ot the cases. The practice then inaugurated is being tested at Guy's 
Hospital by Dr. Hunt, who< administered the treatment during the war 
Nor are the advantages of oxygen respiration confined to patho- 
logical cases. One of the most direct victims of anoxic anoxaemia is 
the airman who flies at great heights. Everything in this paper tends 
fco show tha-t to counteract the lo-ss of oxygen which he sustains at high 
altitudes there is but one policy, namely, to provide him with an 
oxygen equipment which is at once as light and as efficient as possible — 
a consummation for which Haldane has striven unremittingly. And 
here I come tO' the personal note on which I should like to conclude. 
In the pages which I have read views have been expressed which differ 
from those which he holds in matters o>f detail — perhaps in matters 
of important detail. But Haldane’s teaching transcends mere detail. 
He has always taught that the physiology of to-day is the medicine 
of to-morrow. The more gladly, therefore, do I take this opportunity 
of saying how much I owe, and how much I think medicine owes 
and will owe, to the inspiration of Haldane’s teaching. 
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Year by year we see the meetings of the Association recur, pursuing a 
course which neither geographer nor astronomer w’Ould venture to 
predict and leaving traced out behind them a figure unknown to the 
mathematician. Nevertheless the ^lath of its journeyings is ever return- 
ing upon itself. As this recurrence is brought afiesh to one’s mind, 
there is a natural impulse to reflect upon the iirogress which has 
been made in the intervening period in the science wdiich one here finds 
oneself called upon tO' represent. Not quite thiity years have elapsed 
since the last occasion on which the Association was welcomed to 
Cardiff. Curiosity to learn whether the matter of the discourse 
delivered by my predecessor on that occasion had a connection, close 
or remote, with the particular subject with which I proposed to deal 
m this Address led me lo« refer to the Annual Eeport of the Association 
for 1891. I thus became aware how recent w^^as the occurrence of the 
mutation — or should I rather say of the dichotomy? — which led to the 
appearance of a Botanical Section, for twenty-nine years ago Section K 
had not yet come intO’ existence. At that period the problems relating 
to living organisms, whether concerned with plant or animal, whethei 
of a morphological or physiological nature, w^ere ail embraced within 
the wide field of Section E, the Section of Biology. Though in succeedincj 
years discovery at an ever-increasing rate and in many new fields 
of investigation has made inevitable the separation first of Physiology, 
and then of Botany from their common parent, we may with advantage 
follow the precedent set by the Association as a whole, and, as a Section, 
return from tim-e to time upon our course of evolution. I shall there- 
fore invite your attention to a subject winch lies within the wide province 
of Biology and makes its appeal alike tO' the botanist, zoologist and 
physiologist — the subject of Heredity. 

By the term Inlieritance we are accustomed to signify the obvious 
fact of the resemblance displa 5 ^ed by all living organisms betwnen 
offspring and parents, as the direct outcome of the contributions received 
from the twm sides of the pedigree at fertilisation: to indicate, in fact, 
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owing to lack of knowledge of the workings of the hereditary process, 
riiereiv the visible consequence — the final result oi a chain of events 
Now, "however, that we have made a beginning in our analysis of the 
stages which culminate in the appearance of any character, a certain 
looseness becomes apparent in our ordinary use of the word Heredity, 
covering as it does the two concomitant essentials, genetic iDotentiality 
aiid somatic expression — a looseness which may lead us into the para- 
doxical statement that inheritance is wanting in a case in which never- 
theless the evidence shows that the genetic constitution of the children 
IS precisely like that ot the parents. When we say that a character is 
inherited no ambiguity is involved, because the appearance of the 
character entails the inheritance of the genetic potentiality. But when 
a 'character is stated not to be inherited it is not thereby indicated whether 
this result is due to environmental conditions, to genetic constitution, 
or to both causes combined. That we are now^ able in some measure 
TO analyse the genetic potentialities of the individual is due to one of 
those far-reaching discoveries which change our whole outlook, and 
bring immediately m their tram a rapidly increasing array of new facts, 
failing at once into line with our new conceptions, or by some orderly 
and constant discrepancy iDointing a fresh direction for attack. An 
h stoncal survey of the steps by which we have advanced to the pi-esenT 
state of our knowledge of Heredity has so frequently been given during 
the last tw^enty years that the briefest reference to this part of my 
subject will suffice. 

The earliest attempts to frame some general law' which would co- 
ordinate and explain the observed facts of inheritance w^ere those of 
Galton and Pearson. Galton’s observations led him to formulate two 
principles which he believed to be capable of general application — the 
Haw of Ancestral Heredity and the Law of Regression. The Law of 
Ancestral Heredity was intended to furnish a general expression for the 
sum of the heritage handed on in any generation to the succeeding off- 
spring, Superposed upon the working of this law w^ere the effects of 
the Law of Regression, in which the average deviation from the mean 
of a whole population of any fraternal group within that population 
w^as expressed in terms of the average deviation of fhe parents. These 
expressions represent statements of averages which, in so far as they 
apply, hold only when large numbers are totalled together. They afford 
no means of certain prediction in the individual case. These and all 
similar statistical statements of the effects of inheritance take no account 
of the essentially physiological nature of this as of all other processes 
in the living organism. They leave us unenlightened on the funda- 
mental question of the nature of the means by which the results we 
witness came to pass. We obtain from them, as from the melting-pot, 
various new products whose properties are of interest from other view- 
points, but, corresponding to no biological reality, they have failed to 
bring us nearer to om* goal — a fuller comprehension of the workings 
of the hereditary mechanism. Progress in this direction has resulted 
from the opposite method of inquiry — the study of a single character 
in a single line of descent, the method which deals with the unit in 
place of the mass. The revelation came with the opening of the present 
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century, for in 1900 was announced the rediscovery of Mendel's work, 
actually given to the world thirty-five years earlier, but at the time 
leaving no impress upon scientific thought. The story of the Austrian 
monk and the details of his experiments carried out in the monastery 
garden upon races of the edible pea are now familiar history, and I 
need not recount them here. Having formed the idea that in order 
to arrive at a clearer understanding of the relation of organisms to 
their progeny the jiroblem must be studied in its simplest form, Mendel 
came tO' see that a scheme of analysis must deal not with mass popula- 
tions but with a smaller unit — the family, and that each character of 
the individual must be sejaarately investigated. 

Selecting for his experiments races which showed themselves to be 
pure-breeding and mating together those exhibiting characters of such 
opposite nature as to constitute a pair — e.g., tall with short, yellow- 
seeded with green-seeded — he obtained results wdiich could be accounted 
for if it were supposed that these opposite, or as we should now term 
them allelomorphic, characters were distributed unallcred and in equal 
proportion to the reproductive cells of the cross-bred organism. It is 
this conception of the pure nature of the germ-cells, irrespective of 
whether the organism forming them be of pure-bred or cross-bred 
descent, which revolutionised our conceptions of Heredity and laid the 
foundations upon which we build to-day. For the intervening years 
have seen the instances in which the Mendelian theory is found to 
hold mount steadily from day tO’ day, furnishing a weight of evidence 
in its support which is incontrovertible. 

It chanced that in each pair of characters selected by Mendel for 
experiment the opposites are related to each other in the following 
simple manner: An individual which had received both allelomorphs, 
one from either parent, exhibited one of the two characteristics, hence 
called the dominant, to the exclusion of the other. Among the offspring 
of such an individual both characteristics appeared, the dominant in 
some, its opposite, the recessive, in others, in the proportion approxi- 
mately of three to one. This is the result which might be expected 
from random pairing in fertilisation of two opposites, where the mani- 
festation in the zygote of the one completely masks the presence of the 
other. As workers along Mendelian lines increased and the field of 
inquiry widened, it soon, However, became apparent that the dominant- 
recessive relationship is not of universal occurrence. It likewise 
became clear that the simple ratios which obtained in Mendel’s experi- 
ments are not characteristic of every case. Mendel’s owm results were 
all, as it happened, explicable on the supposition that the tw^o alterna- 
tive forms of each character were dependent on a single element or 
factor. By a fortunate accident none of the complex factorial inter- 
relations w^hich have since been brought to light in other cases obscured 
the expression in its simplest fo-rm of the results of germ purity. It 
is our task, in the light of this guiding principle, to attempt to elucidate 
these more complicated types of inheritance. 

We now know, for example, that many characters are not con- 
trolled by one single factor, but by two or more. One of the most 
familiar instances of the two-factor character is the appearance of the 
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colouring matter antliocyanin in tlie petals of plants SLicli as tlie Stock 
and Sweet Pea. Our proof that two factors (at least) are here involved 
js obtained wdien we find that two true breeding lornis devoid of colour 
yield coloured offspring when mated together. In this case the two 
complementary factors are carried, one by each of the two crossed 
lorms. When both factors meet in the one individual, colour is 
developed. We have in such cases the solution of the familiar, but 
previously unexplained, phenomenon of Beversion. Confirmatory evi- 
dence IS afforded Avhen among the offspring of such cross-bred indi- 
viduals we find the simple 3 to 1 ratio of the one-factor difference 
replaced by a ratio of 9 to 7. Similarly we deduce from a ratio of 
'll to 37 that three factors are concerned, from a ratio of 81 to 175 
four factors, and so on. The occurrence of these higher ratios proves 
tJiat the hereditary process follows the same course whatever the 
number of factors controllmg the character in question. 

And here I may pause to dwell for a moment upon a point of which 
it is well that we should remind ourselves from time to time, since, 
though tacitly recognised, it finds no explicit expression m our ordinary 
I’epresentation of genetic relations. The method of factorial analysis 
based on the results of inter-breeding enables us to ascertain the least 
possible number of genetic factors concerned in controlling a particular 
somatic character, but what the total of such factors actually is we 
cannot tell, since our only criteiuon is the number by which the forms 
we employ are found to differ. How many may be common to these 
forms remains unknown. In illustration I may take the case of sur- 
face character in the genera Lychnis and Matthioia. In L. lespertino. 
the type form is hairy; m the variety glalbrci, recessive to the type, 
hairs are entirely lacking. Here all glabrous individuals have sO' far 
proved to be similar in constitution, and when bred with the type give a 
3 to 1 ratio in We speak of Hairiness in this case, therefore, as 

being a one-factor character. In the case of Matthioia incana v. 
glabra, of which many strair^s are in cultivation, it so happened that 
the commercial material originally employed in these investigations 
contained all the factors since identified as present in the type and 
essential to the manifestation of hairiness except one. Hence it 
appeared at first that here also hairiness must be controlled, as in 
Lychnis, by a single factor. But further experiment revealed .the fact 
that though the total number of factors contained in these glabrous 
forms was the same, the respective factorial combinations were not 
identical. By inter-hreeding these and other strains obtained later, 
b'urY P^ cross-breds were produced giving ratios in Pa which proved 
that at least four distinct factors are concerned.^ Whereas, then, the 
glabrous appearance in Lychnis always, indicates the loss (if for con- 
venience we may so represent the nature of the recessive condition) 
of one and the same factor, analysis in the Stock shows that the 
glabrous condition results if any factor out of a group of four is repre- 
sented by its recessive allelomorph. Hence we describe hairiness in 
the latter case as a four-factor character. 

1 Iteport to the Evolution OommAtte^ , Loyal Society, i. , 1902. 

2 Proc. Boy, Soc. B, vol 85, 1912. 
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It Will be apparent from the cases cited that we cannot infer from 
the genetic analysis of one type that the factorial relations involved 
are the saine_ for the corresponding character in another. That this 
should 'be so in wholly unrelated plants is not perhaps surprising, but 
we find it to be true^ also where the nature of the characteristic and 
the relationship of the types might have led us to expect uniformity. 
This is well seen in the case of a morphological feature distinctive of 
the N.O. Gramineas. The leai is normally ligulate, but individuals are 
occasionally met with in which the ligule is wanting. In these plants, 
as a consequence, the leaf blade stands nearly erect instead of spread- 
ing out horizontally. Nilsson-Ehle ^ discovered that in Oats there are 
at least four and possibly five distinct factors determining ligule forma- 
tion, all with equal potentialities in this direction. Hence, only when 
the complete series is lacking is the ligule wanting. In mixed families 
the proportion of ligulate to non-hgulate individuals depends upon the 
number of these ligule-producing factors contained in the dominant 
parent. Emerson found, on the other hand, that in Maize mixed 
families showed constantly a 3 to 1 ratio, indicating the existence of 
only one controlling factor. 

Erom time to time ,the objection has been raised that the Mendelian 
type of inheritance is not exhibited in th-e case of specific characters. 
That no such sharp line of distinction can be drawn between the 
behaviour of varietal and specific features has been repeatedly demon- 
strated. As a case in point and one of the earliest in which clear 
proof of Mendelian segregation was obtained, we may instance Datura. 
The two forms, D. Stramoniums and D. Tatula, are ranked by all 
systematists as distinct species- Among other specific differences is 
the dower colour. The one form has purple flowers, the other pure 
white. In the case of both species a variety inermis is known m which 
the prickles characteristic of the fruit in the type are wanting. It has 
been found that in whatever way the two pairs of opposite characters 
are combined in a cross between the species, the generation is mixed, 
comprising the four possible combinations in the proportions which 
we should expect in the case of two independently inherited pairs of 
characters,’ when each pair of opposites shows the dominant-recessive 
relation. Segregation is as sharp and clean in the specific character 
flower colour as in the varietal character of the fruit. Among the 
latest additions to the list of specific hybrids showing Mendelian inheri- 
tance, those occurring in the genus Salix are of special interest; since 
heretofore the data available Had been interpreted as conflicting with 
the Mendelian conception. The recent observations of Heribert- 
Nilson ® show that those characters which are regarded by systematists 
as constituting the most distinctive marks of the species are referable 
to an extremely simple factorial system, and that the factors mendelise 
in the ordinary way. Furthermore, these specific- character factors 

® Kreuzungsuntersuchungen an Hafer und Weizen, Lund, 1909. 

* Annual Report of the Agricultural Experiment Station of the University of 
Nebraska, 1912. 

5 JSxperimentelle Studien ilher V ariahilitdt ^ Arthihhmfj vnd 

Evolution in der Gattung Salix, 1918. 
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control not only the large constant morphological features, but funda- 
mental reactions such as those determining .the condition of physio- 
logical equilibrium and vitality in general. In so far as any distinction 
can be drawn between the behaviour of factors determining the varietal 
as opposed to the specific characters of the systematist, Heribert- 
Nilsson concludes that the former are more localised in their action, 
while the latter produce more diffuse results, which may affect almost 
all the organs and functions of the individual, and thus bring about 
striking alterations in the general appearance. S. caprea, for example, 
is regarded as the reaction product of two distinct factors which together 
control the leaf -breadth character, but which also afiect, each separately 
and in a different way, leaf form, leaf colour, height, and the periodicity 
oi certain phases. W© cannot, however, draw a hard-and-fast line 
between the two categories. The factor controlling a varietal charac- 
teristic often produces effects in different parts of the plant, For 
example, the factors which lead to the production of a coloured fl.ow6r 
no doubt also in certain cases cause the tinging seen in the vegetative 
organs, and affect the colour of the seed. Heribert-Nilsson suggests 
that fertility between species is a matter of close similarity in genotypic 
ffactorial) constitution rather than of outward morphological resem- 
blance. Forms sundered by the systematist on the ground of gross 
differences in certain anatomical features may prove to be more aMn, 
more compatible in constitution, than others held to be more nearly 
related because the differentiating factors happen to control less 
conspicuous features. 

Turning to the consideration of the more complex types of inheri- 
tance already referred to, we find numerous instances where a somatic 
character shows a certain degree of coupling or linkage with another 
perhaps wholly unrelated character. This phenomenon becomes still 
further complicated when, as is now known to occur fairly frequently, 
somatic characters are linked also with the sex character. The results 
of such linkages appear in the altered proportions in which the various 
combinations of the several characters appear on cross-breeding. 
Linkage of somatic characters can be readily demonstrated in the garden 
Stock. Some strains have flowers with deeply coloured sap, e.g.^ full 
red or purple ; others are of a pale shade such as a light purple or 
flesh colour. In most commercial strains the ' eye ’ of the flower is 
white owing to absence of colour in the plastids, but in some the plastids 
are cream-coloured, causing the sap colour to appear of a much richer 
hue and giving a cream ‘ eye. ’ Cream plastid colour is recessive to 
white and the deep sap colours are recessive to. the pale. When a 
cream-eyed strain lacking the pale factor. is bred with a whit©-eyed 
plant of some pale shade, the four possible combinations appear in 
F 2 but not, as we should expect in the case of two independently 
inherited one-factor characters, in the proportions 9 : 3 : 3:1, with the 
double recessive as the least abundant of the four forms. We find 
instead that the double dominant and the double recessive are both 
in excess of expectation, the latter being more abundant than either 
of the combinations of one dominant character with one recessive. 
The two forms which preponderate are those which exhibit the 
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combinations seen in the parents, tbe two smaller categories are those 
representing the new combinations of on© paternal with one maternal 
characteristic. In the Sweet Pea several characters are linked in this 
manner, viz, : flower colour with pollen shape, flower colour with 
form of standard, pollen shape with form of standard, colour of leaf 
axil with functioning capacity of the anthers. If in these cases the 
cross happens tO' be made in such a way that the two dominant 
characters^ are brought in one from each side of the pedigree instead 
of both being contributed by one parent, we get again a result in which 
the two parental combinations occur more frequently, the two recom- 
binations or * crossovers ’ less often than we should expect. In the 
first case the two characters appear to hang together in descent to a 
certain extent but not completely, in the latter similarly to repel each 
other. This type of relationship has been found to be of very general 
occurrence. The linked characters do not otherwise appear to be con- 
nected in any way that we can trace, and we therefore conclude that 
the explanation must be sought in the mechanism of distribution. Two 
main theories having this fundamental principle as their basis but 
otherwise distinct have been put forward, and are usually referred to 
as the reduplicaiion and the chromosome view respectively. The 
reduplication view, proposed by Bateson and Punnett,® rests on the idea 
that segregation of factors need not necessarily occur simultaneously 
at a particular cell division. The number of divisions following the 
segregation of some factors being assumed to be greater than those 
occurring in the case of others, there would naturally result a larger 
number of gametes carrying some factorial combinations and fewer 
carrying others. If this differential process is conceived as occurring 
in an orderly manner it would enable us to account for the facts 
observed. We could imagine how it came about that gametic ratios 
such as 3 : 1 : 1:3,7: 1 : 1 : 7, 15 : 1 : 1 : 15, and so on arose giving the 
series of linkages observed. It has, however, to be said that we cannot 
say why segregation should be successive nor at what moments, on 
this view, it must be presumed to occur. On the other hand, :the 
conceptions embodied in the chromosome hypothesis as formulated by 
Morgan and his fellow-workers ^ is, in these respects, quite precise. 
They are built around one cardinal event in the life cycle of animals 
and plants (some of the lowest forms excepted), viz. : the peculiar type 
of cell division at which the number of chromosomes is reduced ^ to 
half that to be found during the period of the life cycle extending 
backwards from this moment to the previous act of fertilisation. In 
the large number of cases already investigated the chromosome number 
has been found as a rule to be the same at each division of the somatic 
cells. W^e can, in fact, take it as established that it is ordinarily con- 
stant for the species. These observations lend strong support to the 
view that the chromosomes are persistent structures, that is to say, 
that the chromatin tangle of the resting nucleus, whether actually 
composed of one continuous thread or not, becomes resolved into 

® Proc. Poy. 8oc., 1911. , ,/r n 

The Mechanism of Mendelian Heredity (Morgan, Sturtevant, MxiUer, 
Bridges), 1915. 
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separate cliromosomes at corresponding loci at each successive mitosis. 
The reduction from the diploid to the haploid number, according to 
the more generally accepted interpretation of the appearances during 
the meiotic phase, is due to the adhering together in 23airs of homologous 
chromosomes, each member of the set originally received from one 
parent lying alongside and in close contact with its mate received from 
the other. Later these bivalent chromosomes are resolved into their 
components so that the twO' groups destined one for either pole consist 
oi whole dissimilar chromosomes, which then proceed to divide again 
longitudinally to furnish equivalent half chromosomes to each of the 
daughter nuclei. According to the view of Farmer the homologous 
chromosomes do not lie alongside, but become joined end to end. The 
longitudinal split seen in the bivalent structure is interpreted as a 
seiiaratiou not of whole chromosomes but of half chromosomes already 
formed in anticipation of the second division of the meiotic phase. As 
however on either interpretation the same result is ultimately secured, 
viz. : the distribution of whole paternal and maternal chromosomes to 
dift'erent nuclei which now contain the haploid number, it is not essen- 
tial to our present purpose to discuss the cytological evidence in support 
of these opposing views in further detail. Nor, indeed, would it 
be practicable within the limits of this Address. The obvious close 
parallel between the behaviour of the chromosomes — their pairing and 
separation — and that of Mendelian allelomorphs which similarly show 
pairing and segregation, first led to the suggestion that the factors 
controlling somatic characters are located in these structures. The 
ingenious extension of this view which has been elaborated by Morgan 
and his co-workers presumes the arrangement of the factors in linear 
series after the manner of the visible chromomeres — the beadlike 
elements which can be seen in many organisms to compos© the 
chromatin structure — each factor and its opposite occupying correspond- 
ing loci in homologous chromosomes. From this conception follows 
the important corollary of the segregation of the factors during the 
process of formation and subsequent resolution of the bivalent chromo- 
somes formed at the reduction division. "We should suppose, according 
to Morgan, in the case of characters showing independent inheritance 
and giving identical Mendelian ratios whichever way the mating is 
made, and however the factorial combination is brought about, that the 
factors controlling the several characters are located in different 
chromosomes. Thus, in the case of Datum already mentioned, the two 
factors affecting sap colour and prickliness respectively would be pre- 
sumed to be located so far apart in the resting chromatin thread that 
when separation into chromosomes takes place they become distributed 
to different members. Where unrelated characters show a linhed 
inheritance the factors concerned are held on the other hand to lie so 
near together that they are always located in one and the same chromo- 
some. Furthermore, and here w© come to the most debatable of the 
assumptions in Morgan's theory, when the bivalent chromosome com- 
posed of a maternal and a paternal component gives rise at the reduction 
division to. two single dissimilar chromosomes, these new chromosomes 
do not aUvays represent the original intact maternal and paternal 
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compouents It has been observed in many forms that the bivalent struc- 
ture lias the appearance of a twisted double thread. Already in 1909 
cytoloolcal study of the salamander had led Janssen'^ to ^ conclude 
that fusion might take place at the crossing points, so that when the 
twin members ultimately draw apart each is composed of alternate 
portions of the original pair. Morgan explains the breeding results 
obtained with Drosophila by a somewhat similar hypothesis. He also 
conceives that in the process of separation of fhe twin lengths of 
chromatin cleavage between the two is not always clean, portions of 
the one becoming interchanged with corresponding segments of the 
other, so that both daughter chromosomes are made up oi comple- 
mentary sections of the maternal and pateimal members of the duplex 
chromosome. To picture this let us imagine that two bars of that 
delectable substance, Turkish Delight, one pink and one white, are laid 
alongside and are then given a half twist round each other and pressed 
together If, with a knife inserted between the two pieces at one 
end, the double bar is now sliced longitudinally down the middle neither 
of the two halves will be wholly pink or wholly white. Each half will be 
particoloured, the pink portion in one and the portion which is white in 
the other representing corresponding regions of the original bars. If 
the complete twist is made, or if the number of turns is still further 
increased before the slicing, the number of alternately coloured por- 
tions will naturally be increased correspondingly. Though the precise 
manner in which the postulated chromosomal interchange is brought 
about in Janssen’s ‘ chiasmatype ’ and Morgan’s ‘ crossing-over ’’ 
scheme is different, the resulting gametic output would be the same. 
A critical examination by Wilson and Morgan,® from different aspects, 
of Janssen’s interpretation of the cytological evidence including dis- 
cussion of his latest suggestion that in the case of compound ring 
chromosomes cleavage in one plane would result m the separation of 
homologo'us elements in one ring but not in another has ]ust appeared. 
These authors are not disposed to accept Janssen’s conclusions,^® but 
reserve their final statement pending the appearance of his promised 
farther contribution. Should Janssen's view of the evolutions of these 
complex chromosome- structures be upheld, the process of segregation 
might in such cases become extended over more than one mitosis, as 
on the reduplication theory is conceived to be the case at some point, 
though evidence in this direction has hitherto been lacking. Bisection 
of a bivalent chromosome in this fashion might, moreover, yield the 
class of results to explain which Morgan has found it necessai'y to 
have recourse to hypothetical lethal factors. On the main issue, how- 
ever, both schemes are in accord. A ph^^sical basis for the phenomenon 
of linkage is found in the presumed nature and behavio-ur of the 
chromosomes, viz. : their colloidal consistency, their adhesion after 
pairing at the points of contact, when in the twisted condition, and 
their consequent failure to separate cleanly before undergoing the 
succeeding division, 

® La Cellule, xxv. 

® Am. Nat., vol. 54, 1920. 

1® See Com'ptes Hemdus Soc. Belg. Biol., 1919. 
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According T 30 Morgan the frequency of separation of linked 
characters is a measure of the distance apart in the chromosome of the 
loci for the factors concerned, and it becomes possible to map their 
position in the chromosome relatively to one another. In this attempt 
to find in cytological happenings a basis for the observed facts of 
inheritance our conception of the material unit in the sorting-out 
process has been pushed beyond the germ cell and even the entire 
chromosome to the component sections and particles of the latter 
structure. 

To substantiate the ‘ chromosome ’ view the primary requisite was 
to obtain proof that a. particular character is associated with a particular 
chromosome. With this object in view it was sought to discover a 
type in which individual chromosomes could be identified. Several 
observers working on different animals found that a. particular chromo- 
some differing in form from the rest could be traced at the maturation 
division, and that this chromosome was always associated with the sex 
character* in the following manner. The female possessed an even 
number of chromosomes so that each egg received an identical number, 
including this particular sex -chromosome. The male contained an 
uneven number, having one fewer than the female, with the result 
that half the sperms received the same number as the egg including 
the sex-chromosome, and half were deficient in this particular chromo- 
some. Eggs fertilised with sperms containing the full number of 
ohromosomes developed into females, while those fertilised with sperms 
lacking this distinctive chromosome produced males. Morgan made 
the further discovery in the fruit fly Drosophila ampelophila that certain 
factors controlling various somatic characters were located in the sex- 
chromosome. The inheritance of these characters and of sex evidently 
went together, A male exhibiting the diO-minant condition of such a 
sex-linked character bred to a recessive female gave daughters all 
dominant and sons all recessive (fig. 2), but in the reciprocal cross both 
sons and daughters proved to be all dominants (fig. 1). Since the 
mother with the doominant factor contributed it to all her children 
(fig. 1), whereas, where the father bore it, it descended only to his 
daughters (fig. 2), it was apparent that the female was homozygous 
and the male heterozygous for the somatic character. Further, 
although no distinction is observable in this species between the sperms, 
the occurrence of this sex -linked form of inheritance indicated that here, 
as in the other oases mentioned, it is the female which behaves as a 
homozygote for the sex character and the male as a heterozygote, the 
sex-chromosomes of some sperms dMering presumably in character, 
though not in appearance, from those of others. The sperms of 
Drosophila are therefore conceived as of two kinds, one containing the 
same sex -chromosome as the eggs, the so-called X chromosome, and 
tile other a mate of a different nature, the Y chromosome, which 
appears to be inert and unable to carry the dominant allekxmorphs. 
If, now, we suppose the factor for the sex -linked somatic character 
to be located in the X chromosomes we understand why the dominant 
female, which is XX, and therefore furnishes an X chromosome 
to every egg, should contribute the dominant character to all her 
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offspring. And conversely, why the dominant male, which is XY, when 
bred to a recessive female, produces oSspring which are either female 
and diominant or male and recessive. 

Tracing the chromosomes into- the next (F^) generation we see also 
the reason for the different result obtained from, the reciprocal matings 
if the individuals are inbred. When the female parent has the 
dominant sex-Hnked character half the eggs of the daughters and half 
the sperms of the sons receive this character. As the sperms receive 
it along with the X chromosome fertihsation of either kind of egg by 
these X sperms w’ill cause the character to descend to each grand- 
daughter. The grandsons, on the other hand, since they arise from 
fertilisation by the sperms lacking the dominant character — i.e., by the 
Y sperms— ^will be dominant or recessive according as these sperms 
unite with the one type of egg or with the other. 'Thus we get the 
Mendelian Fa ratio 3D to ID (fig. 1), but so linked with sex that the 
dominant class comprises half the males and all the females, while 
the remaining half of the males make up the recessive class. Where 
it is the male parent that carries the dominant, and where therefore 
the dominant character passes along with the X chromosome only 
to the daughters in F^, their eggs, as in the reciprocal cross, are of 
two kinds, but the sons' speorms all carry the recessive allelomorphs. 
Both kinds of eggs being fertilised with both X sperms and Y sperms, 
the dominant and recessive characters will occur equally in both sexes 
among the grandchildren, and we get the , Mendelian ratio of ID to 
IE (fig. 2). Muller puts the number of factors already located in the 
X chromosome of Drosophila at not less than 500, and in those that 
have so far been investigated this form of ihheiitance has been found 
to hold. 

Instances of sex-linked inheritance are now known in many animals, 
some of which are strictly comparable with Drosophila, others follow 
the same general principle, but have the relations of the sexes reversed, 
as exempfified by the moth Abraxas, which has been worked out by 
Doncaster, whose sudden death we have so recently to deplore. Here 
the female is the heterozygous sex, and contains the dummy mate of 
the sex -chromosome. 

The behaviour of the sex -chromosomes as here outlined suffices to 
account for the occurrence of sex-linked inheritance, but the relations 
found to hold between one sex-linked character and another need 
further explanation. If ^ cross is made involving, two sex-linked 
characters, the Fi females when tested by a double recessive male are 
found to produce the expected four classes of gametes, but not in equal 
proportions, nor in the same proportions in the case of difierent pairs of 
sex-linked characters. Partial linkage (coupling) occurs of the kind 
which has already been described for the Stock and the Sweet Pea. 
The parental combinations predominate, the recombinations (‘ cross- 
overs ') comprise the smaller categories. The strength of the linkage 
varies, however, for different characters, but is found to be constant 
for any given pair. Since the sex-linked factors are by hypothesis 

Am. Nat.,, vol. liv., 1920. 

12 Rep, EvoCuiion CommiUe^, iv., 1908. 
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carried in tlie S'ex-clirO'mosomes, a clean separation of h.omolog'ous 
members at meiosis shoaild result in tbe characters which were asso- 
ciated in the parents remaining strictly in the same combination in 
each succeeding generation. The fact that this is not the case has 
led Morgan to conclude that an interchange of chromosome material 
must take place at this phase among a proportion of the gametes, and 
that the percentage of these ‘ cross-overs ’ will depend on the distance 
apart of the loci of the factors concerned. This phenomenon of linkage 
may also be exhibited by pahs of characters which show no sex- 
linkage in their inheritance. The factors involved in these latter cases 
must presumably, therefore, be disposed in one of the chromosomes 
which is not the sex -chromosome. 

To this brief sketch of the main points of Morgan’s chromosome 
theory must be added mention of the extremely interesting 
relation which lends strong support to his view, and the significance of 
which seems scarcely to admit of question, viz. : that in Drosophila 
ampeiophila there are four pairs of chromosomes, and that the linkage 
relations of the hundred and more characters investigated indicate that 
they form four distinct groups. It is hardly possible to suppose that 
the one fact is not directly connected with the other. The interesting 
discovery of Bridges that the appearance of certain unexpected cate- 
gories among Drosophila offspring, where females of a particular 
sfcrain were used, coincided with the presence in these females of an 
additional chromosome adds another link in the chain of evidence. On 
examination it was found that in these females the X chromosome pair 
occasionally failed to separate at the reduction division, and coutse- 
quently that the two XX chromosomes sometimes both remained in the 
egg, and sometimes both passed out into the polar body. Hence there 
arose from fertilisation of the XX eg^ some individuals containing 
three sex-chromosomes, with the resulting upset of the expectation in 
regard to sex-limitation of characters which was observed. 

It, however, remains a curious anomaly that in the cross-bred 
Drosophila male no corresponding crossing-over of linked characters, 
whether associated with the sex character or not, has yet been ob- 
served. His gametes carry only the same factorial combinations 
which he received from his parents. Hor this contrast in the behaviour 
between the sexes there is at present no explanation. The reverse con- 
dition has been described by Tanaka^^ in the silkworm. Here inter- 
change takes place in the male but not in the female. 

It must then be acknowledged that Morgan’s interpretation of the 
cytological evidence has much in its favour. The striking parallel 
between the beha,viour of the chromosomes and the distributional rela- 
tions of Mendelian allelomorphs is obvious. The existence in Droso- 
phila ampelophila of four pairs of chromosomes and of four sets of 
linked characters can hardly be mere coincidence. The employment of 
the smaller physical unit in accounting for the reshuffling of characters' 
in their transmission commends itself in principle. The necessity for 
postulating the occurrence of some orderly irregularity in the hereditary 

J, Exp. ZooLy XV,, 1913. 

J. Coll. Agr.y Sapporo, Japan, 1913-14. 
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process in order to explain the phenomenon of partial linkage is, it 
will be seen, inherent alike in both theories. When, however, we come 
to examine the general applicability of Morgan’s theory we are con- 
fronted with a considerable body of facts among plants which we find 
difficult to reconcile with the requirement that factorial segregation is 
accomplished by means of the reduction division. An instance in 
which this is particularly clearly indicated is that of the sulphur-white 
Stock. I have chosen this example because here we have to do with 
two characters which are distinguished with the utmost sharpness, 
viz. : plastid colour and flower form. The peculiar behaviour of this 
strain is due to the fact that not only are the two factors for flower form 
(singleness and doubleness) differently distributed to the male and 
female sides of the individual, as in all double-throwing Stocks, but the 
factor controlling plastid colour likewise shows linkage with the sex 
nature of the germ cells. As a result every individual, even though 
self-fertilised, yields a mixed offspring, consisting chiefly of single 
whites and double creams, but including a small percentage of double 
whites. So' far as the ovules are concerned, the mode of inheritance can 
be accoimted for on either theory. According to the reduplication 
hypothesis the factors X Y producing singleness and W giving white 
plastids are partially coupled so as to give the gametic ratio on the 
female side 7WXY: IWXy: 1 wxY : 7wxy.^® On the chromosome 
scheme the factorial group WXY must be assumed to be disposed in 
one member of the bivalent chromosome formed at meiosis, the corre- 
sponding recessive allelomorphs wxy in the other. If the three factors 
be supposed to be arranged in the chromosome in alphabetical order, 
and if, on separation, a break takes place between the loci of the two 
factors for flower form (as shown), so as to give ‘ cross-overs ’ of Y 
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and y in about 1*2 per cent, oi the gametes, the occuireuce of such 
‘ cross-overs ’ would fulfil the required conditions. But the case of the 
pollen presents a distinct difficulty on this latter view. This Stock is 
distinguished both from the Drosophila and the Abraxas type by the 
fact that none of the male germs carry either of the dominant charac- 
ters. In place of the XX — XY form of sex-hnked inheritance in 
the former type and the WZ — ZZ in the latter, we should need to 
regard this form as constituting a new class, which we might represent 
as DE — EE, thus indicating that both members of the bivalent chromo- 
some on the male side appear to be inert and able to carry only the 
recessive characters, and hence are represented as RE, in contrast with 
the DE pair of the female side. By this formula we can indicate the 
behaviour of the several double -throwing strains. Tt is, besides, becom- 
ing clear, I think, from recent results that there is no ‘ crossing over ’ of 
these factors on the male side in the Fj cross-breds But the real 
difficulty IS to explain why^ these factors are confined to the female side 
in the ever- sporting individual. This may result from aberrant 
behaviour or loss of chromosomes at some point in pollen development. 
On this point T hope that evidence will shortly be available. Failing 
such evidence the presumption is that the elimination of XY (and in one 
strain of W) must have taken place prior to^ and not at, the 
moment ol the maturation division. Morgnin's proposal to fit 
the pollen into his scheme for Drosophila by having recourse to* hypo- 
thetical lethal factors does not appeal to the observer, who finds the 
pollen all unifoimly good and every ovule set. Zygotic iethais are 
clearly not in question under these circumstances. The supposition of 
gametic lethals confined to the pollen appears far-fetched, seeing 
that of the missing combinations two, viz. : single white, the double 
dominant, ami double w’hite a dominant-recessive, occur in the 
ovules, and the third, the single cream, the other dominant-recessive, 
exists as a pure strain, so that the homozygous condition is evidently 
not in itself a cause of non-development. Other examples suggesting 
premeiotic segregation can be quoted, notably cases among variegated 
plants and plants showing bud sports, where somatic segregation appears 
to be of regular occurrence. Among the Musciniae the present evidence 
appears to show that the. sex potentiality segregates in some forms at 
the division of the sj^ore mother cells, so that already the spores possess 
a sex character; while in other species this separation ta.kes place later, 
during the development of the gametophyte, the spores being then all 
alike and undifferentiated in this respect. In Funaria hygrometrica ^ 
an example of the latter class, an attempt has been made by E. J. 
Collins tO’ ascertain the stage at which sex segregation takes place 
by inducing the growth of tl&w individuals from isolated portions of the 
vegetative tissues of the gametophyte. No doubt when the evidence 
is derived from experiments in which a portion of the plant has been 
severed from the rest, it is possible to urge that the result obtained 
is not necessarily indicative of the potentiality in the intact organism. 
Phenotypic appearance is the product of a maction system, in which 
the internal as well as the external environment plays its part. We 

Journal of GeneticSy vol. viii,, 1919. 
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have, for example, evidence that the manifestation of a character may 
be dependent upon the variation of internal conditions with agej in 
otiier words, a time relation may be involved. Or, again, upon the 
state of general internal equilibrium resulting from the relation of one 
morphological member or region to another. Thus removal of the 
lamina oL the leaf, so- as toi leave only the midrib, may cause the 
mutilated individual to develop hairs on the stems and. petioles in the 
same environment in which the mtaof individual remains hairless. 
Injury fiom attack by insects m a glabrous form may in hke manner 
lead to the production of hairs which, by their lesemblance to those 
of an alhed species, show that the pathological condition set up has 
caused genetic potentiality to become actual. But even if we exclude 
the class of evidence to which objection on these grounds might be 
made, there still remain various cases of normal types, where, unless 
liie behaviour of the chromosomes should point to a different explana- 
tion, it seems most natural to assume that segregation takes place before 
the reduction division. 

It has been argued from time to time that any scheme representing 
the mechanism of Heredity which leaves out of account the cytoplasm 
must prove inadequate. This general statement has been expressed in 
more definite form by Hoeb,^^ whO' holds that the egg cytoplasm 
is to be looked upon as determining the broad outlines, in fact as 
standing for the embryo ‘ in the rough,’ upon which are impressed in 
the course of development the characteristics controlled by the factors 
segregated in the chromosomes. The arguments in favom' of the view 
that the cytoplasm, apart from its general functions in connection with 
growth and nutrition, is the seat of a particular hereditary process are 
mainly derived from observation upon embryonic characters in certain 
animals, chiefly Echinoderms, where the inheritance appears to be 
purely maternal. It has been shown, how^ever, that such female 
prepotency is no indication that inheritance of the determining factors 
takes place through the cytoplasm. Other causes may lead to this 
result. It has been observed, for example, that hybrid sea-urchin larvae, 
wdiich at one season of the year were maternal in type, at another 
were all paternal in character, showing that the result w^as due to some 
effect of the environment- Again, wdiere the hybrid plutei showed purely 
maternal characters it was discovered by Baltzer that in the earliest 
mitoses of the cross -fertilised eggs a. certain number of chromosomes 
fail to i^each the poles, and are consequently left out of the daughter 
nuclei. The chromosomes thus lost probably represent those contributed 
by the male gamete, for in both parents certain individual chromosomes 
can be identified owing to differences in shape and size. After this 
process of elimination those characteristic of the male parent could 
not be traced, whereas the one pair distinctive of the female parent 
was still recognisable. In the reciprocal cross where the first mitosis 

As in the case of characters which exhibit a regular change of phase, 
e./;., the colour of white and cream Stocks is indistinguishable in the bud, and 
a yellow-seeded Pea is green at an earlier stage. 

y'/i-e Organism as a Whole^ 1916. 

Archiv fur Z^Uforschnng^ v., 1910. 
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follows a normal course the embryos are intermediate in regard to 
character of the skeleton, thus affording proof of the influence of the 
male parent. Another type of case is found in the silkworm. Here 
a certain rate character determining the time of hatching out of the 
eggs has been shown to exhibit normal Mendelian inheritance, the 
appearance that it is transmissible by the female through the cytoplasm 
alone being delusive. The eggs are always laid in the spring. Accord- 
ing as they hatch out immediately so that a second brood is obtained 
in the year, or do not hatch out for twelve months, the female parent 
laying the eggs is described as bivoltin or univoltin. Now the length 
of interval before hatching is obviously an egg character, and therefore 
maternal in origin. Consequently when a cross is made between a 
univoltin female and a bivoltin male the eggs laid are not cross-bred 
in respect of this character, any more than the seed formed as a result 
of a cross is cross-bred in respect of its seed coat, which is a maternal 
structure. The silkworm mother being univoltin, the eggs will not 
hatch out until the following spring. The mother will in turn 
lay eggs which again take twelve months to hatch, since the long- 
period factor is the dominant. It is not until the eggs of the Fo 
generation are laid that we see the expression of the character introduced 
by the univoltin father. For some of the egg batches hatch at once, 
others not for twelve months, showing that of the F2 females some 
were uni- and some bi-voltin, and hence that the egg character in any 
generation depends upon both the maternal and the paternal antecedents 
of the female producing the eggs. Consequently, in the case of an 
egg character the effects of inheritance must be looked for in the genera- 
tion succeeding that in which the somatic characteristics of the zygote 
become revealed. We find in fact that in almost all instances where 
the evidence is suggestive of purely cytoplasmic inheritance, fuller 
investigation has shown that the explanation is to be found in one of 
the causes here indicated. The case of some plants where it has been 
established that reciprocal hybrids are dissimilar still, however, remains 
to be cleared up. Among such may be cited certain Digitalis hybrids. 
Differences in the reciprocal hybrids of D. grandiflora and D. lutea 
were described by Gaertner, and in the earlier literature dealing with 
Digitalis species hybrids other cases are to be found. In more recent 
years J. H. Wilson^’- has repeated the crossing of D. pv/rpurecb and 
D. hitea,, and states that the reciprocals are indistinguishable during 
the vegetative period, hut that they differ in size and colouring of the 
flow^ers, the resemblance being the greater in each case to the seed 
parent. A detailed comparison of the differential characters of the 
reciprocal hybrids of D. purpurea and D. grandiflora has been set out 
by Neilson Jones, who similarly finds in both matings a greater 
resemblance to the mother species. We know nothing as yet of the 
cytology of these cases, and it is not improbable that the intei^retation 
may be found in some aberrant behaviour of the chromosomes. An 
instance in a plant type where a definite connection appears traceable 
between chromosome behaviour and somatic appearance has been 

Rep, Third Interihationcd Congress on Genetics, R.H.S. 1906. 
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recently emphasised by Gates, who attributes the peculiarity of the 
lata mutation in CEnothera (which has arisen as a modihcation at 
different times from each of three distinct species) to an irregularity 
in meiosis in the germ mother cells whereby one daughter cell receives 
an extra duplicate chromosome while the sister cell lacks this chromo- 
some. The cell with the extra chromosome fertilised by a normal germ 
produces a lata individual. On the chromosome view every normal 
fertilised egg contains a double set of chromosomes, each carrying a 
complete set of the factor elements. Hence, if some of the one set 
become eliminated we can still imagine that a normal though under- 
sized individual might develop. The converse relation where increased 
size goes with multiplication of clmomosomes was discovered by 
Gregory, in a Primula, and occurs also' in CEnothera gig as , a mutant 
derived from CE. Lamar ckiana, Gregory found in his cultures giant 
individuals which behaved as though four instead of two sets of factors 
were present, and upon examination these individuals were found to 
contain twice the normal number of chromosomes. It is interesting 
in this connection to recall the results obtained by Nemec^® as the 
result of subjecting the root tips of various plants to the narcotising 
action of chloral hydrate. Under this treatment cells undergoing 
division at the time were able to form the daughter nuclei, but the 
production of a new cell wall was inhibited. The cells thus became 
binucleate. If on recovery these cells were to fuse before proceeding 
to divide afresh a genuine tetraploid condition would result. So few 
cases of natural tetraploidy have so far been observed that we have as 
yet no clue to the cause w^hich leads to this condition. 

The conclusions to which we are led by the considerations which 
have here been put forw’-ard are, in the main, that we have no warrant 
in the evidence so far available for attributing special hereditary pro- 
cesses to the cytoplasm as distinct from the nucleus. On the other 
hand, there is a very large body of facts pointing to a direct connection 
between phenotypic appearance and chromosomal behaviour. In 
animals the evidence that the chromosomes constitute the distributional 
mechanism may be looked upon as almost tantamount to proof ; in 
plants the observations on Drosera, Primula, CEnothera, S'phcero carpus 
are in harmony with this view. "When we come, however, to the 
question of linkage and general applicability of the conception of 
‘ crossing over ’ as adopted by Morgan and his school we are on less 
certain ground. In Drosophila itself, the case which the scheme was 
framed to fit, the entire absence of ‘ crossing over ’ in the male remains 
unaccounted for, while the evidence from certain plant types appears 
to be definitely at variance with one of its fundamental premises. If 
segregation at the recognised reduction division is definitely established 
for animal types, then we must conclude that the sorting-out process 
may follow a different course in the plant. 

The question as to what is the precise nature of the differences for 

23 Nerv. Phytoloffist, vol. xix., 1920. 

2'* Proc. Boy. Soc., vol. Ixxxvii, b, 1914. 

Johrh. f. wiss. Bot,, xxxix-, 1904. * Das Problem der Begruchtungsvor- 
gange,* 1910. 
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which the Mendelian factors stand is constantly before the mind of the 
breeder, but we are only now on the threshold of investigation in this 
direction, and it is doubtful whether we can as yet give a certain answer 
in any single instance. Still less are we able to say what the actual 
elements or units which undergo segregation may be. In the case of 
such allelomorphic pairs as purple and red sap colour or white or 
cream plastid colour it may be that the difference is wholly qualitative, 
consisting merely in the formation or non-formation of some one 
chemical substance. But the majority of characteristics are not of 
this hard-and-fast type. Between some the distinction appears to be 
one of range — to he quantitative rather than, or as well as, qualitative 
in nature, and range must mean, presumably, either cumulative effect 
or a force or rate difference. It may well he, for example, that with 
some change in physiological equilibrium accompanying growth and 
development, factorial action may be enhanced or accelerated, or, on 
the other hand, retarded or even inhibited altogether, and a regional 
grading result in consequence. Bange in a character is not confined to^ 
though a common characteristic of, individuals of cross-bred origin. It 
may be a specific feature, both constant and definite in nature. For 
example, a change as development proceeds from a glabrous or nearly 
glabrous to a hairy condition is not of unusual occurrence in plants. 
In the Stoch such a gradational assumption of hairiness is apparent no 
less in the homozygous form containing a certain weak allelomorph 
controlling surface character, when present with the factors for sap 
colour, than in those heterozygous for this or some other essential 
component. We see a similar transition in several members of the 
ScroplmJariacece — e.g., in various species of Digitalisi, in Antirrhinum 
ntajus, Antirrhiuiuii Orontium , Anarihiiium pedatum, Pentstemon, and 
Nemesia. In perennials an annual recurrence of this change of phase 
may be seen, as in various species of Viola and m Spircea Uhnaria. 
It is somewhat curious that the transition may be in the same direction 
— from smoothness to hairiness — ^in forms in which the dominant-reces- 
sive relation of the twO' conditions is opposite in nature, as in MattTdola 
on the one hand and Digitalis purpurea nudicaulis on the other. Mani- 
festation of the dominant characteristic gradually declines in the Fox- 
glove, while it becomes more pronounced in the Stock. In some, per- 
haps all, of these cases the allelomorphs may stand for certain states 
of physiological equilibrium, or such states may be an accompanying 
feature of factorial action A change of jihuse may mean an altered 
balance, a difference of rhythm in interdependent physiological pro- 
cesses. In the case, for instance, of a certain sub- glabrous strain of 
Stock in which the presence of a single characteristically branched 
hair or hair-tuft over the water-gland terminating the midrib in a 
leaf otheiw/ise glabrous is an hereditary character, it is hardly conceiv- 
able that them is a localisation in this region of a special hair-forming 
substance. It seems moi*e probable that some physiological condition 
intimately connected' with the condition of water-content at some 
critical period is a causal factor in hair production, and that this con- 
dition is set up over the w'hole leaf in the type, but in the particular 
strain in question is maintained only at the point which receives the 
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largest and most direct supply. In this same strain a leaf may now 
and again be found lacking this hydathode trichome in an otherwise 
continuous hair-forming series, an occurrence which may well result 
fi om a shght fluctuation in physiological equilibrium such as is inherent 
in all vital processes — a fluctuation which, when ,the genetic indicator 
IS set so near to the zero point, may well send it off the scale altogether, 
if, as IS not impro'bable m this and similar cases, we are concerned with 
a complex chain of physiological processes, investigation of the nature 
of the differences for which the allelomorphs stand may present a more 
difhcult problem than where the production of a paidicular chemical 
compound appears to be involved. In such a physiological conception 
we have probably the explanation of the non-appearance of the recessive 
character in ceitaiii dominant cross-breds. 

Up' tO' this point we have treated of ,the organism from the aspect 
of its being a wholly self-controlled, independent system. As regards 
some characteristics, this may be regarded as substantially the case. 
That IS to eay, the soma reflects under all observed conditions the 
genetic constitution expressed in the Mendelian formula. Corre- 
spondence is precis© between genotypic potentiality and phenotypic 
reality, and we have so far solved our problem that we can predict cer- 
tainly and accurately the appearance of offspring, knowing the consti- 
tution of the parents. In such cases we may say that the efidciency 
of the genetic machine works out at 100 per cent., the infiuence of 
external environment at 0. Our equation somatic appearance = factorial 
constitution requires no correction for effect of conditions of tem- 
perature, humidity, illumination, and the like. But most somatic 
characters show some degree of variability. Phenotypic appearance 
is the outcome primarily of genotypic constitution, but upon this are 
superposed fluctuations, slight or more pronounced, arising as the 
I’esult of reaction to environmental conditions. In the extreme case 
the genetic machinery may, so to speak, be put out of action; geno- 
typic potentiality no longer becomes actual. We say that the character 
is not inherited. We meet with such an example in Ranunculus 
aquatilis. According to Mer,-‘’ the terrestrial form of this plant has no 
hail's on the ends of the leaf segments, but in the aquatic individual the 
segments end in needle-shaped hairs. That is to say, hairs of a definite 
form are produced in a definite region. Again, Massart^^ finds that 
in Polygonum arnyhibium the shoot produces characteristic multi- 
cellular hairs when exposed to the air, but if submerged it ceases to form 
them on the new growth. Every individual, however bred, behaves 
in the same manner, and must therefore have the same genetic con- 
stitution. In an atmospheric environment genotypic expression is 
achieved, in water it becomes physiologically impossible. A limitation 
to genotypic expression may in like manner be brought about by the 
internal environment, for the relation of the soma to the germ elements 
may be looked upon in this light. Thus in the case of a long-pollened 
and round-pollened Sweet Pea Bateson and Punnett found that the 

26 Btcll. Soc. Bot. de France, i. 27, 1880. 

27 B%dl, Jard. Bot. Bruxelles, i. 2, 1902. 
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Fi pollen grains are all long, yet half of them carry the factor for 
roundness. If we take the chromosome view, and if it be presumed 
that the factor for roundness is not segregated until the reduction 
division, the cytoplasm of the pollen mother cells may be supposed to 
act as a foreign medium owing to a mixture of qualities having been 
impressed upon it through the presence of the two opposite allelomorphs 
before the moment of segregation. We should consequently infer that 
the round pollen shape is only produced when the round-factor-bearing 
chromosome is surrounded by the cytoplasm of an individual which 
does not contain the long factor. If, further, we regard the result in 
this case as indicative of the normal inter-relation of nucleus and 
cytoplasm in the hereditary process, we shall be led to the view that 
whatever the earlier condition of mutual equilibrium or interchange 
between these two essential cell constituents may be, an ultimate stage 
IS reached in which the role of determining agent must be assigned to 
the nucleus. To pursue this theme farther, however, in the present 
state of our knowledge wO'uld serve no useful purpose. 

Before bringing this Address to a conclusion I may be permitted to 
add one word of explanation and appeal. In my remarks I have 
deliberately left on one side all reference to the immense practical 
value of breeding experiments on Mendelian lines. To have done so 
adequately would have absorbed the whole time at my disposal. It is 
unnecessary to-day to point out the enormous social and economic gain 
following from the apphcation of Mendelian methods of investigation 
and of the discoveries which have resulted therefrom during the last 
twenty years, whether we have in mind the advance in our knowledge 
of the inheritance of ordinary somatic characters and of certain patho- 
logical conditions in man, of immuiaity from disease in races of some 
of our most important food plants, or of egg-productio;P in our 
domestic breeds of fowls. 

My appeal is for more organised co-operation in the experimental 
study of Genetics. It is a not uncommon attitude to look upon the 
sub]’ect of Genetics as a science apart. But the complex nature of the 
problems confronting us requires that the attacking force should be a 
composite one, representing all arms. Only the outworks of the 
fortress can fall to the vanguard of breeders. Their part done, they 
wait ready to hand over to the cytologists with whom it lies to con- 
solidate the position and render our foothold.^ secure. This accom- 
plished, the way is cleared for the main assault. To push this home 
we urgently need reinforcements. It is to the physiologists and to the 
chemists that we look to crown the victory. By their co-operation 
alone can we hope to win inside the citadel and fathom the meaning of 
those activities which take shape daily before our eyes as we stand 
without and observe, but the secret of which is withheld from our 
gaze. 
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Introduction. 

The require] nenls 0 ‘f the Act of 1918 and the endeavour to frame 
scales of salaries for teachers on a. national basis are, at present, absorb- 
ing so much of the enei;gy of those engaged in educational administra- 
tion that I have thought it advisable to turn our attention from the 
immediate needs of the day to two of the wider aspects of our educa- 
tional activities, which belong to the spirit rather than to the form of 
our educational system. 

It is natural that in this meeting of the British Association for the 
Advancement of Science I should ta.ke first the Science of Education. 

I. 

The value to education ol science and the scientific method has 
hitherto been for the most part indirect and incidental. It has con- 
sisted very largely in deductions from another branch of study, namely, 
psychology, and has resulted for the most part from the invasion into 
education of those who were not themselves educationists. A moment 
has now been reached when education itself should be made the subject 
of a distinct department of science, when teachers themselves should 
become sciejitists. 

There is in this respect a close analogy between education and 
medicine. Training the mind implies a knowledge of the mind,- just 
as healing the body implies a knowledge of the body. Thus, logically, 
education is based upon psychology, as medicine is based on anatomy 
and physiology. And there the text-books oi educational method 
usually content to leave it. But medicine is much more than applied 
physiology. It .constitutes 'an independent system of facts, gathered 
and analysed, not by physiologists in the laboratory, but by physicians 
working in the hospital or by the bedside. In the same way, then, 
education as a science should be something more than mere applied 
psychology. It must be built up not out of the speculations of 
theorists, or from the- deductions of psychologists, . but by direct, 
definite, wd 'hoc inquiries concehtraitedi upon the' problems of the class-' 
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room by teachers themselves. When by their O'Wn researches teachers 
have demonstrated that their art is, in fact, a science, then, and not 
till then, will the public allow them the moral, social, and economic 
status which it already accords to other professions The engineer 
and the doctor are duly recognised as scientific experts. The educa- 
tionist should see to it that his science also becomes recognised, no 
longer as a general topic upon which any cuHured layman may^ dog- 
matise, but as a technical branch O'f science, in which the educationist 
alone, in virtue of his special knowledge, his special training, his special 
experience, is the acknowledged expert. 

Educational science has hitherto- followed two main lines of investiga- 
tion : first, the evaluation and improvement of teachers' methods; 
secondly, the diagnosis and treatment 0 ‘f children’s individual capacities. 

I. The Psychology of the Individual Child. 

It is upon the latter problem, or group of problems, that experi- 
mental work has in the past been chiefly directed, and in the imme- 
diate future is likely to be concentrated with the most fruitful results. 
The recent advances in * individual psychology ’ — the youngest branch 
of that infant science' — have greatly emphasised the need, and assisted 
the development, of individual teaching. The keynote of successful 
instruction is to adapt that instruction to therindividual child. But 
before instruction can be so adapted, the needs and the capacities of 
the individual child must first be discovered. 

A. Diagnosis. 

Such discovery (as in all sciences) may proceed by two methods, 
'by observation and by experiment. 

(1) The former method is in education the older. At one time, 
in the hands of Stanley Hall and his followers — the pioneers of the 
Child-Study movement — observation yielded fruitful results. And it 
is pei’haps to be regretted that of late simple observation and descrip- 
tion have been neglected for the more ambitious method of experi- 
mental tests There is much that a vigilant teacher can do without 
using any special apparatus and without conducting any special ex- 
periment. Conscientious records of the behaviour and responses of 
individual children, accurately described without any admixture of in- 
ference or hypothesis, would lay broad foundations upon which subse- 
quent investigators could build. The study of children’s temperament 
and character, for exampl-e — factors which have not yet been acco^rded 
their due weight in education — must for the present proceed, upon 
these simpler lines. 

(2) With experimental tests the progress made during the last 
decade has been enormous. The intelligence scale devised by Binet for 
the diagnosis of mental deficiency, the mental tests employed by the 
American army, the vocational tests now coming into use for the selec- 
tion of employees — these have done much to familiarise, not school' 
teachers and school doctors only, but also the general public, with the 
aims and possibilities of psychological measurement. More recently 
an endeavour has been made to assess directly' the tesulfs' 
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instruction, ^ind to record in quantitative terms the course of progress 
from year to year, by means of standardised tests for educational attain- 
ments. In this country research committees of the British Association 
and of the Child- Study Society have already commenced the standardisa- 
tion of normal performances in such sub]ects as reading and aiithmetic. 
In America attempts have been made to standardise even more elusive 
subjects, such as drawing, handwork, English composition, and the 
subjects of the curriculum of the secondary school. 

B. Treatment. 

This work of diagnosis has done much to foster individual and 
differential teaching — the adaptation of education tO' individual children, 
or at least toi special groups and types. It has not only assisted the 
machinery of segregation — of selecting the mentally deficient child atone 
end of the scale and the scholarship child at the other end ; but it has 
also provided a method for assessing the results of different teaching 
methods as applied to these segregated groups. Progress has been most 
pronounced in the case of the sub-normal. The mentally defective are 
now taught in special schools, and receive an instruction of a specially 
adapted type. Some advance has more recently been made in differen- 
tiating the various grades and kinds of so-called deficiency ; and in dis- 
criminating between the deficient and the merely backward and dull. 
With regard to the morally defective and delinquent little scientific work 
has been attempted in this co-untry, with the sole exception of the new 
experiment initiated by the Birmingham justices. In the United States 
some twenty centres or clinics have been established for the psycho- 
logical examina^tion of exceptional children; and in England school 
medical officers and others have urged the need for * intermediate ’ 
classes or schools not only to accommodate backward and borderline 
cases and cases of limited or special defect (e.g., ‘ number-defect ’ and 
so-called ‘ word-blindness ’) but also to act as clearing-houses. 

In Germany and elsewhere special interest has been aroused in 
super-normal children. The few investigations already made show 
clearly that additional attention, expenditure, study, and provision will 
yield for the community a far richer return in the case of the super- 
normal than in the sub-normal. 

At Harvard and elsewhere psychologists have for some time been 
elaborating psychological tests to select those who are ‘best fitted for 
different types of vocation. The investigation is still only in its initial 
stages. But it is clear that if vocational guidance were based, in part 
at least, upon observations and records made at school, instead of being 
based upon the limited interests and knowledge of the child and his 
parents, Then not only employers, but also employees, their work, and 
the community as a whole, would profit. A large proportion of the 
vast wastage involved in the current system of indiscriminate engage- 
ment on probation would be saved. 

The influence of sex, social status, and race upon individual differ- 
ences in educational abilities has been studied upon a small scale. 
The .diferences are marked : and difierences in sex and social status, 
when better understood, might well be taken into account both in 
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diagnosing mental deficiency and in awarding scholarships. As a rule, 
howerer, those due to sex and race are smaller than is popularly sup- 
posed. How far these difierences, and those associated with social 
status, are inborn and ineradicahle, and how far they are due to 
differences m training and m tradition, can hardly be determined without 
a vast array of data. 

II. Tea^oliing Methods. 

The subjects taught and the methods of teaching have considerably 
changed during recent years. In the more progressive types of schools 
several broad tendencies may be discerned. All owe their acceptance 
in part to the results of scientific investigators. 

(1) Tar less emphasis is now laid upon the disciplinary value of 
suhiects, and upon subjects whose value is almost solely disciplinary, 
hollowing in the steps of a senes of American investigators, Winch ana 
Sleight in this country have shown very clearly that practice in one 
kind of activity produces improvements in other kinds of activities, only 
under very limited and special conditions. The whole conception of 
transfer of training is thus changed, or (some maintain) destroyed ; 
and the earher notion of education as the strengthening, through exer- 
cise, of certain general faculties has consequently been revolutionised. 
There is a tendency to select subjects and methods of teaching rather 
for their material than their general value. 

(2) Far less emphasis is now laid upon an advance according to strict 
logical seqence in teaching a given subject of the curriculum to children 
of successive ages. The steps and methods are being adapted rather to 
the natural capacities and interests of the child of each age. This 
genetic standpoint has received great help and encouragement from 
experimental psychology. Binet’s own scale of intelligence was in- 
tended largely as a study in the mental development of the normal child. 
The developmental phases of particular characteristics (e.p., children's 
ideals) and special characteristics of particular developmental phases 

adolescence) have been elaborately studied by Stanley Hall and his 
followers. Psychology, indeed, has done much to emphasise the im- 
portance of the post-p-ubertal period — the school-leaving age, and the 
years that follow. Such studies have an obvious bearing upon the 
curriculum and methods for our new continuation schools. But it is, 
perhaps, in the revolutionary changes in the teaching methods of the 
infants' -schools, changes that are already profoundly infiuencing “the 
methods of the senior department, that the influenc© of scientific study 
has been most strongly at work. 

(3) Increasing emphasis is now being laid upon mental and motor 
activities . Early educational practice, like early psychology, was ex- 
cessively intellectuahstic. Eecent child-study, however, has em- 
phasised the impoHance of the motor and of the emotional aspects of 
the child's mental life. As* a consequence, the theory and practice 
of education have assumed more of the pragmatic character which has 
characterised contemporary philosophy. 

The progi’essive introduction of manual and practical subjects, both 
in and for themselves, and as aspects of other subjects, forms, the 



L.— EDtJCATiON. 


s 


nO'ta.'bl© insta.nce of this tendency. The educational process is assumed 
to start, no't from the child's sensations (as mneteenth-century theory 
was so apt to maintain), but rather from his motor reactions to certain 
perceptual objects — objects of vital importance to him and to his species 
under primitive conditions, and therefore appealing to- certain instinctive 
impulses. Further, the child’s activities in the school should be, not 
indeed identical with, but continuous with, the activities of his subse- 
quent profession or trade. Upon these grounds handicraft should now 
find a place in every school cnrriculnm. It will be inserted both for 
its own sake, and for the sake of its connections with other subjects, 
whether they be subjects of school life, of after life, or of human hfe 
generally. 

(4) As a result of recent psychological work, more attention is now 
being paid to the emotional, moral, and castlieiic activities. This is a 
second instance of the same reaction from excessive intellectualism. 
Education in this country has ever claimed to foam character as well as 
to impart knowledge. Formerly, this aim characterised the Public 
Schools rather than the public elementaiy schools Recently, however, 
much has been done to' infuse into the latter something of the spirit of 
the Public Schools. The piuncipLe of self-government, for example, has 
been applied with success not only in cei'tain elementaiy schools, but 
also in several colonies for juvenile delinquents. And, in the latter 
case, its success has been attributed by the initiators directly to the 
fact that it is corollaiy of sound child-psychology. 

Bearing closely upon ’the subject of moral and emotional training 
is the woi'k of the psycho-analysts. Freud has shown that many forms 
of mental inefficiency in later life — ^both major (such as hystei'ia, 
neurosis, certain kinds of ‘ shell-shock,’ &c.) and minor (such as lapses 
of memory, of action, slips of tongue and pen) — are traceable to the 
repression of emotional experiences in earlier life. The principles 
themselves may, perhaps, still be regarded as, in part, a matter of 
controversy. But the discoveries upon which they are based vividly 
illustrate the enormous importance of the natui'al instincts, interests, 
and activities, inherited by the child as part of his biological equip- 
ment; and, together with the work done by English psychologists such 
as Shand and McDougall upon the emotional basis of character, have 
already had a considei'’ahl6 influence upon educational theory in this 
country. 

(5) Increasing emphasis is now being laid upon freedom for indi- 
vidual effort and initiative. . Here, again, the corollaries drawn from tht* 
psycho- analytic doctrines as to the dangers of repression are most sug- 
gestive. Already a better understanding of child-nature has led to the 
substitution of * internal ’ for ‘ external ’ discipline ; and the pre-deter- 
mined routine demanded of entire classes is giving way to the growing 
recognition of the educational value of spontaneous eflorts initiated by 
the individual, alone or in social co-operation with his fellows. 

In appealing for greater freedom still, the new psychology is in line 
with the more advanced educational experiments, such as the work done 
by Madame Montessori and the founders of the Little Commonwealth. 

,(Q) The hygiene and technique of menial worlc is itself being based 
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upon scientific investigation. Of the numerous problems in tte .con- 
ditions and character of mental work generally^ two deserve especiai 
mention — fatigue, and the economy and technique of learning. 

But of all the results of educational psychology, perhaps the most 
valuable is the slow but progressive inculcation of the whole teaching 
profession with a scientific spirit m their work, and a scientific attitude 
towards their pupils and their problems. Matter taught and teaching 
methods are no longer exclusively determined by mere tradition or mere 
opinion. They are being based more and more upon impartial observa- 
tion, careful records, and statistical analysis — often assisted by labora- 
tory technique — ^of the actual behaviour of individual children. 

II. 

I turn now to the second aspect. 

So much of our educational system is voluntary that it is often 
called a dual system. But m speaking of a dual system only the 
primary stage is, as a rule, in our minds. Yet to foreign students some 
pa.rts of our higher education, e.p., the Pubhc Schools, appear as that 
which is most definitely English in character. The Public Schools, 
however, form no part of the system of public (i.e. of State and muni- 
cipal) education and are not directly associated with it. 

The reasons are fairly obvious. Many of the Public Schools are 
centuries old ; our public system began but fifty years ago. The Act of 
1870 gave us only public elementary schools. More than thirty years 
elapsed before we had the beginnings of a system of secondary schools. 
Even to-day, with the comprehensive Act of 1918, whose primary 
object is to establish a national system of education, the Public Schools, 
owing largely to the fact that the Act is administered by 318 Local 
Education Authorities, retain a ' non-local ’ character. 

The Public Schools of England have no parallel. They have their 
defects and their critics ; but they have had a paramount influence on 
the intellectual and social life of the country. They are admired less 
for the intellectual severity of the class-room than for their traditions, 
their form of self-government, and as training places of a generous 
spirit. In the past the Public Schools in the education of the aristocracy 
achieved a national purpose. They were the nurseries of English 
thought and action. Now that the predominant power in the State 
has passed to the nation as a whole, it would only be in keeping with 
their long-cherished traditions if the Public Schools were to seek a 
share in the education of democracy. Moreover, the problems of Local 
Education Authorities are of such absorbing interest that the profes- 
sional spirit of the Public 'Schoolmaster must be longing to assist in 
their solution. 

The two older Universities have had a history, and have borne a 
part in the national life, analogous to, but on a much larger scale than, 
the Public Schools. They also are ' non-local ’ : they serve the Empire. 
The newer Universities are much more local in character. Yet as a 
whole it can hardly be said that they exercise an important influence 
on the work of the Ijocal Education Authorities. I am not overlooking 
the fact that the Universities, like the Public Schools, play their own 



L. — EDUCATION. 


7 


part in providing the most advanced education; nor that they place 
their best at the disposal of the Local Education Authorities’ scholars 
and contribute a part of the teaching staff. I am, however, to-day 
suggesting a closer association with Local Education Authorities, and of 
bringing to bear more immediately on local and public education the 
wealth of their long experience and the riches of their accumulated 
knowledge. 

There is a third group of institutions which have had a large 
share in English education. I refer to the endowed Grammar Schools. 
Partly of choice, partly through stress of circumstances, many of 
these schools have joined forces with the Local Education Authorities. 
With the recent rapid growth in the cost of maintenance and with in- 
adequacy of other sources of income they have received ^ aid ’ from 
Jihe Authority. Some have become municipal schools : others have 
undertaken to bear their share in local work, but have retained their 
individuality of character and independence of Government, to both of 
which they are passionately attached. All have contributed much to 
the general storehouse of ideas, and the local system has been enriched 
by the co'-operation of forces of different origin, methods, and historical 
significance. 

All three groups of institutions were founded by the few whose spirit 
in so far as it sought the spread of education has now passed to the 
multitude. They are all national institutions, but, with the exceptions 
to which I have referred, they form no part of the national system 
administered by Local Education Authorities and supervised by the 
Board of Education. I do not, of course, suggest control. That is 
obviously impossible in the case of two of the groups. Nor am I 
to-day thinking of making constructive proposals as to the forms of 
associations. Such proposals will, I hope, be put forwai'd later in the 
week. For the moment it will be sufficient to add that the association 
desired is direct and close rather than indirect and remote, and in 
teaching rather than in administration. 

There is one further group which I cannot pass in silence : the 
private schools. Each Local Education Authority must, under Section 1 
of th© Act of 1918, submit a scheme for the progressive and compre- 
hensive organisation of education within its area. Presumably, each 
Local Education Authority will include the local ' places ’ in efficient 
private schools as part of the accommodation already provided in the 
area. All such efficient private schools, whether run for private profit 
or not, reduce the provision to be made by the Authority. To the 
extent to which they relieve the burden on the Authority they are 
tjaerefore contributing to the public service. In return the Authority, 
while it cannot financially assist schools conducted for private profit, 
can confer advantages through close association with its organisation. 
All private schools doing local work, at all events all which claim to 
be efficient, would therefore serve their own interests and render public 
service by entering into communication with the Authority and getting 
the lines of local co-operation satisfactorily adjusted. 
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It would not 1>G possibl© to oxh-aust tlie possibilitiGS of co-op6ration of 
voluntary endeavour with the public system, even if my whole paper 
had been devoted to this subject. I am anxious, however, to carry 
my suggestions one step further It is of the essence of voluntary 
effort that it is constantly evolving new forms. In most large towns 
within the last ten years Care Committees have been established, some 
merely to assist the Authorities in carrying out the more social powers 
and duties conferred on them by tbe Act,* others with the higher 
ambition of "building up the homes.* Such Care Committees have 
rendered a great service to their areas not only in work actually done 
under the direction of the Authority, but in the fact that they have 
frequently introduced new and opposite points of view from those of 
the administration. The Act of 1918 offers wider -opportunities, and 
many social workers are beginning to realise it. During the last 
twelve months, in connection with the establishment of Day Continua- 
tion Schools, I have met in consultation, or addressed meetings, of 
social workers, trades-union representatives, club leaders, employers, 
clergy of various denominations, and parents ; together and separately. 
I have met with opposition and criticism and divergent points of view, 
but what has gi-atified me most has been the general and eager desire 
for an increase in educational facilities and an improvement in social 
conditions. No subject for discussion has been so well received as that 
of training our young w^orkei's to use their leisure wisely. There has 
been the fullest recognition that all must join up in the common task; 
that the greatest opportunity of our time for joint endeavour in a wider 
educational effort has come; to miss it would be something in the 
nature of a betrayal of our several functions. If our continuation 
schools are to become national, not 'pnly in the sense of being universal 
and comprehensive, but in the generous nature of the spirit which 
inspires them, all that is best in our trade, social, and sports organisa- 
tions must be brought to bear on their external and internal activities. 
On this ground alone I feel sure that there was general satisfaction 
that the guidance 'of the Juvenile Organisation Committees, and all 
that they stand for, was transferred from the Home Office, which has 
the^ great credit of having consolidated them, to the Board of Education, 
which is the official foster-mother of our educational system. In the 
London area the Juvenile Organisation Committees have gradually be- 
come representative in the widest sense of all social organisations, 
and it is anticipated that before long lines of co-operation with the 
Authority will be established. The task in all areas is so large that 
there is ample room for all ; it is so complex that there is need for all 
and it is of such importance to the future that it would be. a national 
misfortune not to welcome the service of all. 

It is difficult for this generation to estimate with true insight the 
after-effects of the war. But it would seem as if there had rarely been 
a tirne when the minds of men were so much loosened from great 
principles. Such a condition is no doubt partly a reaction from a 
period of tense anxiety in which suppression of the individual and 
sacrifice for the community were the demands of a struggle for existence. 
But the general mental attitude may also be a reaction, accentuated by the 
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war, against the interpretation of the ^eat principles which has hitherto 
directed us, to continue to deserve universal adherence. The outlook is 
yet clouded. Will the present individualistic point of view continue, or 
are we but being canned through a transition phase until the coming 
of a new rallying cry which will restate the brotherhood of man in 
some new and captivating form? However that may be our course 
seerns clear : it is to develop the intelligence and the spirit of social 
service in our whole population in complete confidence that the solidity 
of the English character fortified with such weapons will maintain and 
expand that civilisation which has brought us so far, and which we 
owe it to posterity to hand on not only unimpaired, but broadened and 
deepened by new streams of thought and action. It is in this sense that 
the spread of educational advantages is the hope of all, and that T 
have made this appeal for all educational and social forces to concen- 
trate in one national effort. In the woi*ds of one of our greatest poets : 

Give all thou cansr — 

High Heaven rejects the lore 
Of nicely calculated less or more. 
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Intensive Cultivation. 

There is, so far as I can discover, no reason — save one — why I 
should have been called upon to assume the presidency of the Agri- 
cultural Section of the British Association, or why I should have been 
temerarious enough to accept so high an honour and such a heavy load 
of responsibility. For upon the theme of Agriculture as commonly 
understood I could speak, were I to speak at all, but as a scribe and 
not as one in authority. The one reason, however, which must have 
directed the makers of presidents in their present choice is, I believe, 
so cogent that despite my otheiwise unworthiness I dared not refuse 
the invitation. It is that, m appointing me, agriculturists desired to 
indicate the brotherhood which they feel with intensive cultivators. As 
properly proud sisters of an improved tale they have themselves issued 
an invitation tO' the Horticultural Cinderella to attend their party, and 
in conformity with present custom, which requires each lady to bring; 
her partner, I am here as her friend. 

Nor could any invitation give me greater pleasure: for my devotion 
to Horticulture is profound and my affection that of a lover. My only 
fear is lest I should weary my hosts with her praises, for in conformity 
with this interpretation I propose to devote my Address entirely to 
Horticulture. — ^to speak of its performance during the war and of its 
immediate prospects. 

Although that which intensive cultivators accomplished during the 
war is small in comparison with the great work performed by British 
agriculturists, yet nevertheless it is in itself by no means incon- 
siderable, and' is, moreover, significant and deserves a brief record. 
That work may have turned and probably did turn the scale between 
scarcity and sufficiency; for, as I am informed, a difference of 10 per 
cent, in food supplies is enough to convert plenty into dearth- Seen 
from this standpoint the war-work accomplished by the professional 
horticulturist — the nurseryman, the fiorist, the glass-house cultivator, 
the fruit-grower and market gardener, and by the professional and 
amateur gardener and allotment holder assumes a real importance, 
albeit that the sum total of the acres they cultivated is but a fraction 
of the land which agriculturists put under the plough. 

M 
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As a set-off against the rela.tive smallness of the acreage broughiD 
during the war under intensive cultivation for food purposes, it is to be 
remembered tha-t the yields per acre -obtained by intensive cultivators 
are remarkably high. “For example, skilled onion-growers compute 
their average yield, ht ' something less than 5 toils to the acre. A 
chrysanthemum-grower-who turned his resources from the production 
of those flowers to that of onions obtained over an area of several acres 
a yield of 17 tons per acre. The 'average yield of potatos 
under farm conditions in England and Wales is a little over 6 tons to 
the acre, whereas the army gardeners in France produced, from Scotch 
seed of Arran Chief wliich was sent to them, crops' of 14 tons to 
the acre. Needless to say, such a rate of yield as this is not remarkable 
wh^n -comp^ed .with, that .obtained by potatp-growers_ in the 
Lothians or in Lincolnshire, but it is nevertheless notewo^rthy as an 
indication of what I think may be accepted as a fact, that the average 
yields from intensive cultivation are a.bout double those achieved by 
extensive methods. 

The reduction of the acreage under soft fruits — strawberries^ rasp- 
berries, currants, and gooseberries — which took place during the 
war gives some measure of the sacrifices — partly voluntary, partly 
involuntary — made by fruit-growers to the cause of war-food produc- 
tion. The total area under soft fruits was 55,560 acres in 1913, 
by 1918 it had become 42,415, a decrease of 13,145 acres, or about 
24 per cent. As would be expected, the reduction was greatest in the 
case of strawberries, the acreage of which fell from 21,692 in 1913 to 
13,143 in 1918, a decrease of 8,549 acres, or about 40 per cent. It is 
unfortunate that bad causes often have best propagandas, for were the 
public made aware of such facts as these they would realise that the 
present high prices of soft fruits are of the nature of deferred premiums 
on war-risk insurances with respect to which the public claims were 
paid in advance and in full. 

I should add that the large reduction of the strawberry acreage is a 
measure no less of the shortsightedness of officials than of the public 
spirit of fruit-growers ; for in the earlier years of the war many 
counties issued compulsory orders requiring the grubbing up* and 
restriction of planting of fruit, and I w'ell remember that one of my 
first tasks as Controller of Horticulture was to intervene with the object 
of convincing the enthusiasts of corn production that, in. war, some 
peace-time luxuries become necessaries and that, to a sea-girt island 
beset by submarines, home-grown fruit most certainly falls into this 
category. 

Those who were in positions of responsibility at that time will not 
readily forget the shifts to which they were put to secure and preserve 
supplies of any sorts of fruit which could be turned into jam — the 
collection of blackberries, the installation of pulping factories which 
Mr. Martin and I initiated, and the rushing of supplies of scarcely set 
jam to great towns, the populace of which, full of a steadfast fortitude 
in the face of military misfortune, was ominously losing its sweetness 
of disposition owing to the absence of jam and the dubiousness of the 
supply and quality of margarine. 
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But though the public lost in one direction it gained in another, 
and the reduction of the soft-finiit acreage meant — reckoned in terms of 
potatos — an augmentation of supplies to the extent of over 100,000 
tons. Equally notable was the contribution to food production made 
by the florists and nurserymen in response to our appeals. An indication 
of their ^effort is supplied by figures which, as president of the British 
Florists’ Federation, Mr. George Munro — whose invaluable work for 
food production deserves public recognition — ^caused to be collected. 
They relate to the amount of food production undertaken by 100 leading 
‘florists and nurserymen. These men put 1,075 acres, out of a total of 
1,775 acres used previously for flower-growing, to the purpose of food 
production, and they put 142 acres of glass out of a total of 218 acres 
to like use. I compute that their contribution amounted to considerably 
more than 12,000 tons of potatos and 5,000 tons of tomatos. 

The market growers of Evesham and other districts famous for inten- 
sive cultivation also did their share by substituting for luxury crops, 
such as celery, those of greater food value, and even responded to our 
appeals to increase the acreage under tliat most chancy of crops — -the 
onion, by laying down an additional 4,0()0 acres and thereby doubling 
a crop which more than any others supplies accessory food substances 
to the generality of the people. 

In this connection the yields of potatos secured by Germany and 
this country during the war period are worthy of scrutiny. 

The pre-war averages were; Germany 42,450,000 tons. United 
Kingdom 6,950,000 tons; and the figures for 1914 were: Germany 

41.850.000 tons. United Kingdom 7,47'6,000 tons. 

Germany’s supreme effort was made in 1915 with a yield of 

49.570.000 tons, or about 17 per cent, above average. In that year our 
improvement was only half as good as that of Germany : our crop of 

7.540.000 tons bettering our average by only 8 per cent. In 1916 
weather played havoc with the crops in both countries, but Germany 
suffered most. The yield fell to 20,55(1,000 tons, a deoreas*© of more 
than 50 per cent., whilst our yield was down to 5, '469, 000 tons, a 
falling off of only 20 per cent. In the following year Germany could ^ 
produce no more than 39,500,000 tons, or a 90 per cent, crop, whereas 
the United Kingdom raised 8,604,000 tons, or about 24 per cent, better 
than the average. Finally, whereas with respect to the 1918 crop in 
Germany no fi-gures are available, those for the United Kingdom indi- 
cate that the 1917 crop actually exceeded that of 1918. 

There is much food for thought in these figur^, but my immediate 
purpose in citing them is to claim that of the million and three-quarter 
tons increase in 1917 and 1918 a goodly proportion must be put to the 
credit of the intensive cultivator. 

I regret that no statistics are available to illustrate the war-time food 
production by professional and amateur gardeners. That it was great 
1 know, but how great I am unable to say. This however I can 
state, that from the day before the outbreak of hostilities, when, with 
the late S^retary of the Boyal Horticultural Society, I started the in- 
tensive food-production campaign by urging publicly the autumn sowing 
of vegetables — a practice both then and now insufficiently followed — the 
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amateur and professional g’ardeners addressed themselves to the work 
0 ‘f producing food with remarkable energy and success . No less remark- 
able and successful was the work of the old and new allotment holders, 
so much so indeed that at the time of the Armistice there were nearly 
a million and a-half allotment holders cultivating upwards of 125,000 
acres of land : an allotment for every five households in England and 
Wales. It is a pathetic commentary on the Peace that Vienna should 
find itself obliged to do now what was done here during the war — 
namely, convert its parks and open spaces into allotments in order to 
supplement a meagre food supply. 

This brief review of war-time intensive cultivation would be in- 
complete were it to contain no reference to intensive cultivation by the 
armies at home and abroad. From small beginnings, fostered by the 
distribution by the Boyal Horticultural Society of supplies of vegetable 
seeds and plants to the troops in France, army cultivation assumed 
under the direction of Ford Harcourt’s Army Agricultural Committee 
extraordinarily large dimensions : a bare summary must suffice here, 
but a full account may be found in the report presented by the Com- 
mittee to the Houses of Parliament and published as a Parliamentary 
Paper, 

In 1918 the armies at home cultivated 5,869 acres of vegetables. In 
the summer of that year the camp and other gardens of our armies in 
Prance were producing 100 tons of vegetables a day. These gardens 
yielded, in 1918, 14,000 tons of vegetables, worth, according to my 
estimate, a quarter of a million pounds sterling, but worth infinitely 
more if measured in terms of benefit to the health of the troops. 

As the result of General Maude’s initiative, the forces in Meso- 
potamia became great gardeners, and in 1918 produced 800 tons of 
vegetables, apart altogether from the large cultivations carried out by 
His Majesty’s Forces in that wonderfully fertile land. In the same 
year the forces at Salonika had about 7,000 acres under agricultural and 
horticultural crops, and raised produce which effected a saving of over 
50,000 shipping tons. 

Even from this brief record it will, I believe, be conceded that 
intensive cultivation played a useful and significant part in the war: 
what, it may be asked, is the part which it is destined’ to play in the 
future? So far as I am able to learn, there exist in this country two 
schools of thought or opinion on the subject of the prospects 
of intensive cultivation, the optimistic and the pessimisjtic school. 
The former sees visions of large communities of small cultivators 
colonising the countryside of England, increasing and multiplying both 
production and themselves, a numerous, prosperous and happy_ people 
and a sure shield in time of war against the menace of submarines and 
starvation. Those on the other hand who take the pessimistic view, 
point to the many examples of smallholders who ‘ plough with pain 
their native lea and rea.p the labour of their hands ’ with remarkably 
small profit to themselves or to the community — smallholders like 
those in parts of Warwickshire, who can just manage by extremely 
hard labour to maintain themselves, or, like those in certain districts of 
Norfolk, who have let their holdings tumble down into com and who- 
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produce no more^ and indeed less to the acre than do the large farmers 
who are their neighbours. 

Before making any attempt to estimate the worth of these rival 
opinions it may be observed that the war has brought a large reinforce^ 
ment of strength to the rank of the optimists. A contrast of personal 
experiences illustrates this fact. When in the early days of the war 
I felt it my duty to consult certain important county officials with the 
object of securing their support for schemes of intensive food production, 
I carried away from the conference one conclusion only ; that the 
counties of England were of two kinds, those which were a.lready doing 
much and were unable therefore to do more, and those which were 
doing little because there was no moi'e to be done. In spite of this close 
application of the doctrine of Candide — ^that all is for the best in the 
best of all possible worlds — was able to set up some sort of county 
horticultural organisation, scrappy, amateurish, but enthusiastic, and 
the work done by that organisation was on the average good ; so much 
so indeed that when after the Armistice I sought to build up a per- 
manent county horticultural organisation I was met by a changed 
temper. The schemes which the staff of the Horticultural Division had 
elaborated as the result of experience during the war were received 
and adopted with a cordiality which I like to think was evoked no less 
by the excellence of the schemes themselves than by the promise of 
liberal financial assistance in their execution. Thus it came about that 
when the time arrived for me to hand over the controllership' of Horti- 
culture to my successor, almost every county had estabhshed a strong 
County Horticultural Committee, and the chief counties from the point 
of view of intensive cultivation had provided themselves with a staff 
competent to demonstrate not only to cottagers and allotment holders, 
but also to smallholders and commercial growers, the best methods of 
intensive cultivation. In the most important counties horticultural 
superintendents with knowledge of commercial fruit-growing were being 
appointed, and demonstration fruit and market- garden plots, designed 
on lines laid down by Captain Wellington and his expert assistants, 
were in course of establishment. The detailed plans for these links 
in a national chain of demonstration and trial plots have been published, 
and anyone who will study them will, I believe, recognise that they 
point the way to the successful development of a national system of 
intensive cultivation. 

By means of these county stations the local cultivator may learn 
how to plant and maintain his fruit plantation and how to crop his 
vegetable quarters, what stock to run and what varieties to grow. 

Farm stations — ^with the Besearch stations established previously 
by the Ministry ; Long Ashton and East Mailing for fruit investigations ; 
the Lea Valley Growers’ Association and Bothamstead for investigation 
of soil problems and pathology; the Imperial College of Science for 
research in plant physiology, together with a couple of stations, con- 
templated before the war, for local investigation of vegetable cultiva- 
tion ; an alliance with the Boyal Horticultural Society’s Besearch 
Station at Wisley, and with the John Innes Horticultural Institute for 
research in genetics; the Ormskirk Potato Trial Station; a Poultry 
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Institute; and, most important of all from the point of view of educa- 
tion, the establishment at Cambridge of a School of Horticulture — con- 
stitute a horticultural organisation which, if properly co-ordinated and — 
dare I say it? — directed, should prove of supreme value to all classes 
of intensive cultivators. To achieve that result, however, something 
more than a permissive attitude on the part of the Ministry is required, 
and in completing the design of it I had hoped also* to remain a part 
of that organisation long enough to assist in securing its functioning as 
a living, plastic, resourceful, directive force — a horticultural cerebrum. 
Thus developed, it is my conviction that this instmment is capable of 
bringing Horticulture to a pitch of perfection undreamed of at the present 
time either in this country or elsewhere. 

In my view Horticulture has suffered in the past because the foster- 
ing of it was only incidental to the work of the Ministry. In spite of 
the fact that it had not a little to he grateful for — as for example the 
researcii stations to which I have referred — Horticulture had been 
regarded rather as an agricultural side-show than as a thing in itself. 
My intention, in which I was encouraged by Lord Ernie, Lord Lee, 
and Sir Daniel Hall, was! to peg out on behalf of Horticulture a large 
and valid claim and to work that claim. The conception of Horticulture 
which I entertained was that comprised in the ' petite culture ' of the 
French. It included crops and stock, fruit and vegetables, dower and 
bulb and' seed crops, potatos, pigs and poultry and bees. I held 
the view, and still hold it, that the small man’s interests cannot be 
fostered l3y the big man’s care; that Horticulture is a thing in itself 
and requires constant consideration by horticulturists and not occasional 
help from agriculturally minded people, however distinguished and 
capable. 

I had to include the pig and poultry, for the smallholder and 
commercial grower will have to keep the one and may with profit 
keep both, and he will have to modify his system of cultivation accord- 
ingly. The adoption of this conception of the scope of intensive culti- 
vation opens up an array of new problems which require investigation, 
and it was my intention to endeavour to secure the experimental solu- 
tion of these many problems at the Besearch Stations and elsewhere. 
Beside these problems — off green manuring, cropping, horticultural 
rotations — ^horticultural surveys would be made, ‘ primeur ’ lands 
demarked for colonisation, and existing orchard lands ascertained and 
classified, as indeed we had begun to do in the West of England. 
But, above all, with’ this measure of independence for Horticulture we, 
having the good will and support, of the fraternity of horticulturists, 
aimed at putting to the test the certain belief which I hold that education 
— sympathetic and systematic — ^is an instrument the power of which, 
for our purpose, scarcely yet tried, is in fact of almost infinite potency. 
I believe with Mirabeau that, ‘ after bread, education is the first need 
of the people,’ and I know that the people themselves are ready to 
receive if. 

Contrast this horticultural prospect with the fact that a group of 
smallholders in an outlying district informed one of my inspectors that 



M. — AGRICULTURE. : 


7 


his was the first visit that they had received for many years, or with 
the fact that remediable diseases are still rife in hundreds of gardens, 
or that few small growers understand the principles which should guide 
them in deciding whether or not to spray their potatos, or that West 
Country orchardists exist who let dessert fruit tumble to the ground 
and sell it in ignorance of its true value, or that unthrifty fruit-trees 
may be top-grafted but are not, or that it is often ignored that arsenate 
of lead as a spray fluid for fruit pays over and over again for its use, 
or even that growers in plenty still dO’ not know that Scotch or Irish 
or once-grown Lincolnshire seed potatos are generally more profitable 
than is home-grown or local seed. The truth is that great skill and 
sure knowledge exist among small cultivators side by side with much 
ignorance and moderate practical ability. Herein lies the opportunity 
of the kind of education which I have in mind. But for any such 
intensive system of education to prevail the isolation both of cultivators 
and of Government Departments must be abolished. Out of that isola- 
tion hostility arises, in which medium no seed of education will 
germinate. It is troublesome, but not difficult, to abolish hostility. 
It vanishes when direct relations are established and maintained between 
a Department and those whose affairs it administers. The paternal 
method will not do it. The official life, lived ‘ remote, unfriendly, 
alone, ’ with only underlings as missionaries to the heathen public, 
will not do it. 

There is only one way to prepare the ground for the intensive 
cultivation of education, and that is to secure the full co-operation of 
officials and cultivators. If this be not done the official must continue 
to bear with resignation the unconcealed hostility of those he wishes 
to assist. That a state of confidence and co-operation may be esta- 
blished is proved by the record of the Horticultural Advisory Committee 
which was set up by Lord Ernie during my controllership. The Com- 
mittee consisted of representatives of all the many branches of Horti- 
culture' — fruit-growers, nurserymen, market gardeners, growers under 
glass, salesmen, researchers, and so forth. That Committee became, 
as it were, the Deputy-Controller of Horticulture. To it all large ques- 
tions of policy were referred, and to its disinterested service Ho'rticulture 
owes a great debt. That its existence has been rendered permanent 
by Lord Lee is of good augury for the future of intensive cultivation. 
As an instance of the judicial temper in which this Committee attended 
to its business I may mention that when an Order — the Silver Leaf 
Order — ^was under discussion the only objection to its terms on the 
part of the fruit-growers on the Committee was that the restrictive 
measures which it contemplated were not drastic enough : a noteworthy 
example of assent to a self-denying ordinance. 

It may be asked What are the subjects in which growers require 
education ? To answer that question fully would require an Address in 
itself. Among those subjects, however, mention may be made of a 
few: the extermination or top-grafting of unthrifty fruit, the proper 
spacing and pruning of fruit-trees, the use of suitable stocks, sys- 
tematic orchard-spraying, the use of thrifty varieties of bush fruit and 
the proper manuring thereof, the choice of varieties suitable to given 
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soils and districts and for early cropping-, the better grading and packing 
of fniit. 

Of all methods of instruction in this last subject the best is that 
provided by Fruit Exhibitions. Those interested in the promotion of 
British fruit-growing will well remember the object-lesson in good and 
bad packing provided by the first Eastern Counties Fruit Show, held 
at Cambridge in 1919. That exhibition, organised by the East Anglian 
fruit-growers with the assistance of the Horticultural Division of the 
Ministry of Agriculture, demonstrated three things : first, that fruit of 
the finest quality is being grown in East Anglia ; second, that this 
district may perhaps become the largest fruit-growing region in Eng- 
land; and, third, that among many growers profound ignorance exists 
with respect to the preparation of fruit for market. 

The opinions which I have endeavoured to express on the organisa- 
tion of intensive cultivation may be summarised thus : — 

1. The object of the organisation is to improve local and general 
cultivation, the former by demonstration, the latter by research. 

2. The method of organisation must provide for co-operation between 
the horticultural officers of the State and the persons engaged in the 
industry. This co-operation must be real and complete. Dummy 
Committees are silly devices adopted merely by second-rate men and 
merely clever administrators. The co-operation must embrace the policy 
as well as the practice of administration. Nevertheless the horti- 
curtural officers of the State must be leaders. They can, however, lead 
only by the power of knowledge. Wherefore an administrator who 
lacks practical knowledge and scientific training is not qualified to act 
as the executive head of a horticultural administration. The head 
must of course possess administrative capacity, but this form of 
ability is by no means uncommon among Britons, although it is a 
custom to represent it as something akin to inspiration and the attribute 
of the otherwise incompetent. The directing head must possess a wide 
practical knowledge of Horticulture; that alone can fire the train of 
his imagination to useful and great issues. His right-hand man, how- 
ever, must be one versed in departmental and interdepartmental intrica- 
cies — the best type of administrator — of sober and cool judgment and 
keen intelligence, unused perhaps to enthusiasm, but not intolerant of 
nor 'immune from it. Similarly in each sub -department for cultivation, 
disease-prevention, small stock, &c., the head must be a trained prac- 
tical man with an administrator as his chief assistant. The outdoor 
officers, the intelligence officers of the organisation, must also be men 
of sound and wide practical knowledge and must know that their 
reports will be read by someone who understands the subjects whereof 
they speak. 

It was on these lines that the Horticultural Division was organised 
under Eord Ernie, Eord Eee, and Sir Daniel Hall. The work accom- 
plished justified the innovation. 

This is the contribution which I feel it my duty to make on the 
vexed question of the relation between expert and administrator in 
Departments of State which deal with technical and vital problems. 

I believe that no administrator, save the rare genius, can direct the 
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expert, whereas the expert with trained scientific mind and possessed 
of a fair measure of administrative ability can direct any but 3 » genius 
for administration. If the work of a Government office is to be and 
remain purely administrative no creative capacity is required, and it 
may be left in the sure and safe and able hands of the trained adminis- 
trator ; but if the work is to be creative it must be under the direction 
of minds turned as only research can turn them — ^in the direction of 
creativeness. To the technically initiated initiation is easy and attrac- 
tive, to the uninitiated it is difficult and repugnant. 

The useful work that such a staff as I have indicated would find 
to do IS well-nigh endless. It would become a bureau of information 
in national horticulture ^ and the knowledge which it acquired would be 
of no less use to investigators than to the industry. Diseases ravage 
our orchards and gardens, some are known to be remediable and yet 
persist, others require immediate and vigorous te^^m-wise investiga- 
tion and yet continue to be investigated by solitary workers or single 
research institutions. 

Certain new varieties of some soft fruits are known to be better 
than the older varieties, and yet the latter continue to be widely culti- 
vated. The transport and distribution of perishable fruit is often in- 
adequate — ' making a famine where abundance lies. ’ The informa- 
tion gathered in during the constant survey of the progress of Horticul- 
ture would serve not only to direct educational effort into useful channels, 
but to stimulate and assist research. For the headquarters staff of 
trained men learns in the course of its administrative work many things, 
which, albeit unknown to the researcher, are of first importance to him 
who is bent on advancing horticultural knowledge. 

For example, it is known that the trade of raisers of seed potatos 
for export to Jersey or Spain is in some places menaced by the presence 
of a plot of land a mile or two away in which wart disease has appeared. 
It may be that the outbreak occurred on only a single plant, yet never- 
theless the seed-potato grower may be inbibited from exporting the 
seed grown by him on clean land. The prohibition is just, but the man 
who refuses to issue a licence to export, if he be' a trained horticulturist 
in touch with research, will know that there is research work to hand 
and that immediately, and will bring the problem to the urgent notice 
of the researchers. Thus the scientifically trained administrator be- 
comes, although not himself witty in research, the cause of wit in 
others. To ask the researcher, who must inevitably be to some extent 
like Prospero ‘ wrapt in secret studies and to the State grown stranger, ' 
to discover problems which arise out of administrative embarrassments 
is unreasonable ; on the other hand, the scientifically trained administra- 
tor acts naturally as liaison officer between the laboratory and the land, 
passing on the problems which arise out of administrative necessities 
or expedients. 

In this oonnection it is interesting to recall the fact that the im- 
portance of the existence of varieties of potatos immune from wart 
disease was observed years ago by an officer of the Ministry, Mr. Gough, 
who is ^so a man possessed of a scientific training, and I believe 
also that i am right in saying that either this officer or another suggested 
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long ago that the clue to the spread of wart disease in England was 
to be sought in the potato fields of Scotland. Mr. Taylor will, I hope, 
give us the latest and most interesting chapter in the^ story of wart 
disease, and I will not therefore spoil his story by anticipation of its 
conclusions. 

The tacit assumption which has so far underlain my Address is that 
an extension of intensive cultivation in this country is desirable. I 
have indicated that areas are to be discovered where soil and climate 
are favourable to this form of husbandry, and that by the establishment 
of a proper form of research — administrative — and educational organisa- 
tion the already high standard reached by intensive cultivators may be 
surpassed. It remains to inquire whether any large increase in the 
area under intensive cultivation is in fact either desirable or probable. 

The dispassionate inquirer will find his task by no means easy. 
He should, as a preliminary, endeavour to discern in the present welter 
of cosmic disturbance what are likely to be the economic conditions of 
the politician’s promised land — ^the new world which was to be created 
from the travail of war. In the first place, and no matter how academic 
he may be, he cannot fail to recognise the fact that costs of production, 
including labour, are a.t least twice and probably 2^ times those of 
pre-war days, and he must assume that the increase is permanent and 
not unlikely to augment. What this means to the different forms of 
cultivation may be judged from the following estimates of capital costs 
of cultivation of different kinds : — 


Labour and Capital for 'Farming and Inte^isive Cultivation. 



Labour per 100 

Capital per Acre 


Acres 

Pre-War 

Present 


Men 

£ 

£ 

Mixed Parming 

3-5 

10 

20-25 

Emit and Vegetable growing 
Intensive Cultivation in the open 

20-30 

50 

100-125 

200 

750 

1,500-1,875 

(French Gardening) 

Cultivation under glass 

200-300 

2,000 

4,000-5,000 


In the second place the inquirer is bound to assume that the inten- 
sive cultivator of the future, like his predecessor in the past, will have 
to be prepared to face the competition of the world. He may, I believe, 
look for no artificial restriction of imports, and therefore he must be 
prepared to find that higher costs of production will not necessarily 
be accompanied by increased receipts for intensively cultivated com- 
modities. 

But, on the other hand, he may find some comfort in the fact that 
both immediately before and, still more, subsequently to the war, 
the standard of living both in this country and throughout the world 
was, and is still, rising. Hence he may perhaps expect a less severe 
competition fiom foreign growers and also a better market at home. 

He may also derive comfort from the refiection that the increased 
cost of production which he must bear must also, perhaps in no less 
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ni'easure, be borne by his foreign competitors. Even before the V7ar 
the cost of production of one of the chief horticultural crops — apples — 
was no higher in this country than in that of our main competitors. 
There are also certain other apparently minor but really important 
reasons for optimism with regard to the prospects of intensive cultiva- 
tion. Among these is t-he increasing use of road in lieu of rail 
transport for the marketing of horticultural produce. The advantages 
of motor over rail transport for the carriage of perishable produce for 
relatively short distances — say up to 75 miles from market — ^lie in its 
greater punctuality, economy of handling, and elasticity. Only a poet 
native of a land of orchards could have written the lines : * When I 


consider everything that grows holds in perfection hut a single moment. ' 
Emit crops ripen rapidly and more or less simultaneously throughout a 
given district. They must be put on the market forthwith or are 
useless. A train service, no matter how well organised, does not seem 
able to cope with gluts, and hence it arises that a season of abundance 
in the country rarely means a like plenty to the consumer. I am aware 
that the problem of gluts is by nO' means simple and that the railways 
are sometimes blamed unjustly for failing to cope with them, but 
nevertheless I believe that, as Kent has discovered, the motor-lorry 
will be more and more called in to redress the balance between the 
home growers and the foreign producers in favour of the former; for 
by its use the goods can be delivered with certainty in time to catch 
the market and thus give the home producer the advantage due to 
propinquity which should be his. Increasing knowledge of food values, 
together with the general rise in the standard of living, also present 
features of good augury to the intensive cultivator. Jam and tomatos 
and primeurs may be taken as texts. 

In 1914 the consumption of jam in the United Kingdom amounted 
to about a spoonful a day per person. The more exact figures are 


2 oz. per week, or 126,000 tons per annum. 

It is difficult to estimate the area under jam fruit— plums, straw- 
berry, raspberry, currants, &c. — ^required to produce this tonnage, hut 
it may be put at between 10,000 and 20,000 acres. 

Bv 1918 thanks to the wisdom of the Army authorities m insisting 
on a large ration of jam for the troops, and thanks also to the scarcity 
and aualitv of margarine, the consumption of jam had more 
doubled. From 126,000 tons of 1914 it reached 340,000 tons in MIS. 
To supply this ration would require the produce of from 25,000 to 
60 OOO^Lres of orchard, which in turn would directly employ the labour 
of ’say from 5,000 to 10,000 men. Yet even the tonnage oonsimed 
in 1918 only allows a meagre ration of little more than a couple of 
spoonsful a day. It may therefore be anticipated that if, as is probaUe, 
albeit only because of the immanence of margarine, the new-found public 
taste for jam endures, fruit-growers m this country wiU find a con- 
siderable and profitable extension m supplying this demand. 

The remarkable increase in teonsumption whu^ the tomato ha 
achieved would seem to support this conclusion 

Mr. Bobbins has mentioned m his paper on Intensive Cultivation 
(Journal of Board of Agriculture, xxv. No. 12, March 1919), this 
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fruit was all but unused as a food. To-day one district alone, the Lea 
Valley, produces 30,000 tons per annum. The total production in 
this country amounts to upwards o-f 45,000 tons. Yet the demand for 
tomatos has increased so rapidly — the appetite growing by what it 
feeds upon — that the imports in 1913 from the Channel Islands, 
Holland, France, Portugal, Spain, Canary Islands, and Italy amounted 
to nearly double the home crop, viz. 80,000 tons, mahing the total 
annual consumption not less than IJ tons or about 2 pounds per week 
per head of population. Is it too fanciful to discern in this rapidly 
growing increase in the consumption of such accessory foodstuSs as 
jam and tomatos, not merely an inication of a general rise in the standard 
of living and a desire on the part of the community as a whole to share 
in the luxuries of the rich, but also a sign that in a practical, instinctive, 
unconscious way the public has discovered simultaneously with the 
physiologists that a monotonous diet means malnutrition, and that even 
in a dietic sens© man cannot live by bread alone ? As lending support 
to this fancy and as indicating that the value of vitamines was dis- 
covered by people before vitamines were discovered by physiologists, 
I may mention the curious fact that the general public has always shown 
a wise ^eediness for an accessory food which, though relatively poor 
in calories is rich in vitamines — namely the onion. Even in pre-war 
times the annual value of imported onions amounted to well over on© 
million pounds sterling; and, when the poverty of the winter diet of 
the people of England and Wales is considered, it must be admitted 
that this expenditure represented a sound investment on the part of 
the British public. It is a curious fact also that the genius of Nelson 
led him to a like conclusion. He took care, during the long years when 
his blockading fleet kept the seas, to provide his sailors with plenty of 
exercise and onions. 

If, as I think, the increasing consumption of the accessory foods 
which intensive cultivation provides represents not merely a craving 
for luxuries, but an instinctive demand for the so-called accessory food 
bodies which are essential to health, then it may be expected that, as 
has been illustrated in the case of jam and potatos, consumption will 
continue to increase. If this be so, the demand both for fresh fruit 
and also for ‘ primeurs ' — early vegetables — should grow and should 
be supplied at least in part by the intensive cultivators of this country. 

If the home producer can place his wares on the market at a price 
that can compete with imported produce — and it is not improbable that 
he will be able to do so — ^he need not, even with increased production, 
apprehend more loss from lack of demand than he has had to face in 
the past. Seasonal and other occasional gluts he must, of course, 
expect. 

Even when judged by pre-war values, his market, as indicated by 
imports, is a capacious one. Thus in 1913 the imports into the United 
Kingdom of soil produces from smallholdings were of the value of 
about 50 million pounds sterling. To-day it is safe to compute them 
at over 100 millions. To that sum — of 50 millions — ^imported vegetables 
contributed 5J million pounds sterling, apples 2J millions, other fruits 
nearly 3 millions, eggs and poultry over 10 millions, rabbits and rabbit- 
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skins a million and a half, and bacon and pork over 22 millions. 
No one whose enthusiasm did not altogether outrun both his discretion 
and knowledge would suggest that the home producer could supply the 
whole or even the greater part of these commodities. But, on the other 
hand, few of those who have knowledge of the skill and resources of 
our intensive cultivators, and of the suitability of favoured parts of this 
country for intensive cultivation, will doubt but that a modest proportion, 
say, for example, one fifth, might be made at home. This on a post- 
w’ar basis would amount in value to over 20 million pounds, would 
require the use of several hundred thousand acres of land and provide 
employment for something like 100,000 men. The fact that Kent has 
found it profitable to bring one-fifth of its total arable land under fruit 
and other forms of intensive cultivation is significant and a further 
indication that intensive cultivation ofiers real prospects to the skilful 
and industrious husbandman. The present reduced acreage under fruit, 
due partly to war conditions, but mainly to the grubbing of old orchards, 
enhances the prospects of success. 

The estimated acreage under fruit in England and Wales is : — 


Apples 170,000 

Pears ......... 10,000 

Plums 17,000 

Cherries . . • . . . . . . 10,000 

Strawberries ....... 13,000 

Kaspberries ....... 6,000 

Currants and Gooseberries ..... 22,000 


248,000 


exclusive of mixed orchards and plantations. 

.These figures are, however, well-mgh useless as indicating the areas 
devoted to the intensive cultivation of fruit for direct consumption. Of 
the 170,000 acres of apples, cider fruit probably occupies not less than 
100,000, and of this area much ground is cumbered with old and 
neglected trees. Of the 10,000 acres in pears some 8,000 are devoted 
to perry production, and hence lie outside our immediate preoccupation. 
Having regard, however, to the reduction of acreage under fruit, to the 
increasing consumption of fruit and jam, and to the success which has 
attended intelligent planting in the past, it may be concluded that a 
good many thousand acres of fruit might be planted in this country with 
good prospects of success. 

Lastly, it remains to consider what results are likely to occur if 
intensive cultivation comes to be more generally practised in this country. 
I am indebted to one of our leading growers for an example of the 
results which have attended the conversion of an ordinary farm into 
an intensively cultivated holding. 

The fa.rm — of 150 acres and nearly all arable — ^was taken over in 
1881. At that date it found regular employment for three men and 
a boy — ^with the usual extra help at harvest. The rate of wages paid 
to the farm hand was 15s. a week. 

In 1883, two years after the farm had been taken over and converted 
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to the uses of a horticultural holding, from 20 to 25 men and 80 to 100 
women, according to season, were at v/ork on it, and the minimum 
wage for men was 205 . per week. The holding was increased gradually 
to 310 acres, and at the present time gives employment on an average 
to 90 men and 50 women during the winter months and 110 men and 
200 women during the summer months. In 1913 the wages bill was 
7,981h, and in 1918 10,OOOL per annum, that is, over 34Z. per acre. 

Another concrete example of the effect of intensity of cultivation 
-on density of population is provided by the comparison of two not far 
distant districts — ^Rutland and the Isle of Ely. The rich soil and in- 
dustrious temperament of the inhabitants of the Isle have justly brought 
it prosperity and fame. The Isle of Ely comprises 236,961 acres, of 
which number 170,395 are arable; Rutland 97,087 acres with 35,000 
arable. The land of Rutland is occupied by 475 persons, that of the 
Isle by 2,002; the average acreage per occupier in Rutland is 206, m 
the Isle 118. The total number of agricultural workers in Rutland is 
2,146, and in the Isle 13,382. The density of agricultural population 
in terms of total acreage is in Rutland 2.5 per 100 acres, and in the 
Isle 5.6, or 20 more cultivators to the square mile in the Isle of Ely 
than in Rutland; from which the curious may estimate the possibility 
of home colonisation by introducing as a supplement to extensive 
agriculture such an amount of intensive cultivation as may be practised 
in districts similar in climate and soil to the Isle. 

The immediate object of the comparison is to show,, however, that 
the difference between the closeness of colonisation of the two lands 
is accurately presented by the difference between the acreages amenable 
to intensive cultivation which by reason of soil must, however, always 
remain relatively larger in the Isle than in Rutland. Thus in Rut- 
land the area under fruit is 204 acres, and in the Isle 7,126. If 
these areas and the workers thereon be deducted from the total 
arable in the two districts, the respective agricultural populations 
in terms of 100 acres of arable become almost identical, viz. 6.7 
for Rutland and 6-9 for the Isle. The difference of agricultural 
populations ia measured by the area under intensive cultivation. 
The agricultural workers engaged on the 7,126 acres of fruit in the 
Isle of Ely are almost as numerous as those engaged in doing all the 
agricultural work of Rutland — say, about 2,000 as compared with 2,416. 

It may of course be true that a chance word, a common soldier, 
a girl at the door of an inn, have changed, or almost changed, 
the fate of nations, but it is probable that the genius of peoples 
and the pressure of economic and social forces are more potent. Is 
there then, it may be asked, any indication that the people of this 
country will seek in intensive cultivation a means of colonising their 
own land rather than continue to export their surplus man-power? 
The problem is too complex and too subtle for me to solve, but I will 
conclude by citing a curious fact which may have real significance in 
indicating that if a nation so wills it may retain its surplus population 
on the land by adjusting the intensity of its cultivation to the density of 
its population. If a diagram be m^e combining the intensity of pro- 
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duction of a giv^en crop, e.gr., the potato, as grown in the chief indus- 
trial countries of the world, it will be found that the curve of production 
coincides closely with that ot density of population. 


Density of Population and Intensity of Productioyi. Potatos. 



Density of 
Population 
Square Mile. 

Percentage 

of 

Population. 

Percentage 
of Yield. 

Yield in 
Tons per 
acre less seed. 
Average 
1911-13. 

United States 

31 

10 

33 

13 

jprance 

193 

62 

56 

2-2 

Germany 

311 

100 

100 

3-9 

U.K; 

374 

120 

110 

4*3 

England and Wales 

550 

177 

128 

5 

Belgium 

658 

212 

155 

6*04 


Frona these facts we may take comfort, for they indicate that as a, 
population increases so does the intensity of its cultivation : the tide 
which flows into the towns may be made to ebb again into the country. 
The rate of return, however, must depend on many factors : the proclivi- 
ties of peoples, the relative attractiveness of urban and rural life and of 
life at home and abroad, but ultimately the settlement or non-settlement 
of the countryside must be determined by the degree of success of the 
average intensive cultivator. The abler man can command success ; 
whether the man of average ability and industry can achieve it, will, 
I believe, depend ultimately on education. He can look for no assistance 
in the form of restricted imports. He must be prepared to face open 
competition. Wherefore he should receive all the help' which the State 
can render ; and the measure of success which he, and hence the State, 
achieves will be determined ultimately by the quality and kind of 
education which he is able to obtain. 
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